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As the United States continues to build and repair the ageing highway infrastructure, the bearing 
of freeway work zones will continue to impact the capacity.  To predict the capacity of a freeway 
work zone, there are several tools available for engineers to evaluate these work zones but only 
microsimulation has the ability to simulate the driver behavior.  One of the limitations of current 
car-following models is that they only account for one overall behavioral condition.  This 
dissertation hypothesizes that drivers change their driving behavior as they drive through a 
freeway work zone compared to normal freeway conditions which has the potential to impact 
traffic operations and capacity of work zones.   
Psycho-physical car-following models are widely used in practice for simulating car-following.  
However, current simulation models may not fully capture car-following driver behavior specific 
to freeway work zones. This dissertation presents a new multidimensional psycho-physical 
framework for modeling car-following based on statistical evaluation of work zone and non-
work zone driver behavior.  This new framework is close in character to the Wiedemann model 
used in popular traffic simulation software such as VISSIM.   
This dissertation used two methodologies for collecting data: (1) a questionnaire to collect 
demographics and work zone behavior data and (2) a real-time vehicle data from a field 
experiment involving human participants.  It is hypothesized that the parameters needed to 
calibrate the multidimensional framework for work zone driver behavior can be derived 
statistically by using data collected from runs of an Instrumented Research Vehicle (IRV) in a 






The design of this LL included the development of an Instrumented Research Vehicle (IRV) to 
capture the natural car-following response of a driver when entering and passing through a 
freeway work zone.  The development of a Connected Mobile Traffic Sensing (CMTS) system, 
which included state-of-the-art ITS technologies, supports the LL environment by providing the 
connectivity, interoperability and data processing of the natural, real-life setting.  The IRV and 
CMTS system are tools designed to support the concept of a LL which facilitates the 
experimental environment to capture and calibrate natural driver behavior.   
The objective is to have these participants drive the instrumented vehicle and collect the relative 
distance and the relative velocity between the instrumented vehicle and the vehicle in the front of 
the instrumented vehicle.  A Phase I pilot test was conducted with 10 participants to evaluate the 
experiment and make any adjustments prior to the full Phase II driver test.  The Phase II driver 
test recruited a group of 64 participants to drive the IRV through an LL set up along a work zone 
on I-95 near Washington D.C. in order to validate this hypothesis  
In this dissertation, a new framework was applied and it demonstrated that there are four 
different categories of car-following behavior models each with different parameter distributions.  
The four categories are divided by traffic condition (congested vs. uncongested) and by roadway 
condition (work zone vs. non-work zone).  The calibrated threshold values are presented for each 
of these four categories.  By applying this new multidimensional framework, modeling of car-
following behavior can enhance vehicle behavior in microsimulation modeling. 
This dissertation also explored driver behavior through combining vehicle data and survey 
techniques to augment the model calibrations to improve the understanding of car-following 






potentially guide the selection of parameters for car-fallowing models. The findings presented in 
this dissertation can be used to improve the performance of driver behavior models specific to 
work zones.  This in return will more acutely forecast the impact a work zone design has on 
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CHAPTER ONE: INTRODUCTION  
The United States is known for having the largest highway network in the world with over 4 
million miles of roads (FHWA, 2010).  According to the urban mobility report (Schrank, Lomax, 
& Eisele, 2011) the cost for congestion in the United States has continued to increase showing a 
$101 billion dollar impact.  With the population and the number of vehicles traveling on the 
roads increasing, congestion is a growing concern for today’s drivers and highway agencies 
across the county.  The urban mobility report has concluded that the average United States driver 
suffered more than 60 hours in delay in 2010.  
 
 
Figure 1: Percent of Weekly Delay in the US (Schrank et al., 2011)  
 
Traffic delays on the roadway network mainly occur on weekdays as shown in Figure 1. This 










Figure 2: Percent of Daily Delay in the US (Schrank et al., 2011)   
In Figure 2, the evening hours between 5pm – 7pm is shown to have the worst delay but midday 
hours accumulate about 30 percent of total delay.  To look further into the times of delay, 
approximately 40 percent of the total delay has been reported to occur during the non-peak hour, 
as shown in Figure 2. For example, construction during off peak hours has been shown to 
increase congestion in the United States.  
   
 
Figure 3: Percent of Delay for Road Types in the US (Schrank et al., 2011) 
 
This research is related to work zones which are estimated to cause 10 percent of all congestion 






Gibson, 2004).  This congestion from work zones affects the mobility of the facility and can 
extend outside the limits of a freeway works zone.  With vehicles increasing on the roadways in 
the United States, the infrastructure will need extensive maintenance and expansions to keep up 
with the increasing demand. The construction on the road network will become more challenging 
especially when it comes to operations and design of freeway work zones.  
1.1 Background 
For transportation agencies, work zone safety and mobility are major concerns as the number of 
work zones increase to handle the growing demand on our nation’s freeway network. For all 
federal-aid highway projects, there are Federal rules that set policies related to work zone safety 
and mobility that require Transportation Management Plans (TMP’s) for work zones. This 
covers an extensive assessment for the planning, design and construction of work zones.  
A Maintenance of Traffic (MOT) plan ensures that during construction the freeway segment 
remains operational.  There are many strategies and design alternatives that are used in the MOT 
design that try to ensure safety of both the driver and the workers while optimizing mobility. 
There has been an increase in the use of modeling and simulation and analytical methods and 
tools that can help with better designs.  
During the construction or maintenance on a freeway, the impact on capacity is one of the major 
factors in the design of the MOT plan.  One of the methods used to determine the impact of work 
zones on the traffic operations are modeling and simulation tools which can be used to forecast 
the areas of congestion.  There are several different traffic analysis tools that are used to estimate 
the impact of work zones on capacity such as: QuickZone, Missouri Work Zone Impact Analysis 






plans costing millions of dollars, the results of these models will help transportation agencies 
make better decisions in their designs which could lead to an increase in safety and mobility and 
reduction in cost. 
These simulation tools are only accurate if they are calibrated to reflect real world conditions. 
The dynamics between driver behavior and road conditions play a major role in bringing the real 
world behavior into simulation.  
This dissertation documents the results from a real-time driver behavior study focused on work 
zone driver behavior.  The objective of this study is to identify the change in behavior of drivers 
as they drive through work zones in order to capture and model their behavior in simulation. 
More specifically, this study aims to develop a new framework for the microsimulation modeling 
of different driver behavior to improve the estimation of capacity for a work zone.  
1.1.1 Work Zones 
There is a lot of current research that focuses on work zone safety and mobility but there has 
been little that focuses on the driver behavior that is specific for microsimulation parameters in 
work zones in particular.  Some of these parameters used in microsimulation are car-following, 
lane-change, and merging.  These parameters impact the work zone capacity modeling.  Without 
adequate calibration and understanding of these parameters, specific to work zones, simulation 
results may not be accurate. 
1.1.2 Car-Following 
Over the past half century, there have been several researchers that focused on developing 
algorithms to simulate car-following more accurately.  These car-following algorithms 






front. For example, in microsimulation, the amount of headway a vehicle maintains on a freeway 
influences capacity whereas having a larger headway reduces the capacity.  This dissertation is 
focusing on the psycho-physical car-following methodology and investigates one of the earliest 
and well known models developed by Wiedemann and is described in detail in CHAPTER 
TWO: LITERATURE REVIEW (Wiedemann & Reiter, 1992).  
1.1.3 Technology and Equipment 
With technology increasing in the transportation industry, new methods can be created to collect 
more in-depth data to assist in traffic modeling.  One of these new emerging technologies that 
are being used for Automated Cruise Control (ACC) is Radar.  Radar is able to accurately send 
out a signal at very fast cycle rate with good sensitivity.  Two 24 GHz Universal Medium Range 
Radar (UMRR) were selected as the technology that will capture the change in headway between 
the vehicle in front and the following vehicle from the instrumented vehicle.  Other technologies 
such as a Global Positioning System (GPS), a Velocity Box Speed Sensor (VBSS), a Velocity 
Box (VBOX) video system and a custom built data acquisition system will support the collection 
of this real-time data.   
1.1.4 Traffic Modeling and Simulation 
There are three types of simulation models: microscopic, macroscopic, and mesoscopic that are 
being used in the transportation industry today. Microsimulation looks at transportation facilities 
and the modeling of individual vehicle movements by dynamic and stochastic modeling 
according to the physical characteristics of the vehicle (Caltrans, 2011). Macroscopic models 
simulate traffic flow on distinct transportation networks, such as freeways, corridors, surface-
street grid networks using traffic stream characteristics (speed, flow, and density). Macroscopic 






and how they broadcast through the entire network such as shockwaves (Caltrans, 2011). 
Mesoscopic models are more of a combination of both microscopic and macroscopic simulation 
models. Mesoscopic models simulate the individual vehicles on the network but describe their 
interactions on aggregate (macroscopic) level (Caltrans, 2011).  
In dealing with the car-following aspects of vehicle interactions, microscopic modeling was 
selected.  When building a microscopic model, it requires a lot of detailed information from the 
field.  For example, it requires signal timing plans to accurately simulate traffic controllers, 
accurate traffic data especially vehicle movement counts etc.  A microscopic model, once 
calibrated, can simulate future conditions based on specific traffic scenarios such as: different 
geometric designs, assessment of evacuation routes or impacts of special events, conduct 
sensitivity analysis of traffic operations strategies such as ramp metering or hard shoulder 
running etc.  There are several Measures of Effectiveness (MOE) and Measures of Performance 
(MOP) that are used in Microsimulation such as travel time, delay, vehicle counts, level of 
service etc. Individual vehicle movements within the model are limited to specific behaviors that 
are defined by the calibration of more driver specific behavior.  When it comes to driver 
behavior, there is no output that is provided from the model that describes the behavior on the 
network.  This is where the driver specific behavior calibration is an important factor in these 
microsimulation models. 
1.2 Research Motivation 
As our interstate system in the United States ages, the amount of construction work zones which 
impact safety and mobility will also increase.  Increasing travel times and delay on our freeways, 






efficient plans in the design of work zones that optimize throughput.  Microsimulation can be 
used to forecast possible traffic impacts due to lane closures or work zone equipment along 
freeways.  Modeling driver behavior due to the characteristics that make up a work zone will 
provide engineers with more accurate data to assist in the modeling of work zone capacity.  This 
could provide insight into the different work zone configurations specific to the Maintenance of 
Traffic (MOT) plan that could optimize impact on throughput. This dissertation aims to 
accurately capture the behavior of drivers specific to work zones and develop framework for 
modeling car-following in a traffic simulation model. This model could be used to forecast the 
impact the work zone design could have on capacity. The data that will need to be collected for 
the car-following behavior originates from different drivers in order to capture the diverse 
behavior that occurs in work zones. This will be used to calibrate car-following thresholds for a 
traffic simulation models and accurately simulate work zone throughput.   
1.3 Research Objectives 
The hypothesis for this dissertation can be stated that drivers change their normal driving 
behavior and perform differently in a work zone than in normal freeway (non-work zone) 
conditions.  This dissertation presents a new framework for calibrating a psycho-physical model 
using a statistical approach.  The new framework is designed to examine the psychological 
assumptions of the Wiedemann model.  Focusing on the Wiedemann car-following algorithm for 
modeling and simulation, this change in driver behavior from freeway to work zones are not 
captured in this algorithm.  The overall goal of this study is to develop a new framework specific 
for modeling work zones car-following.  An experiment is used to measure real-time critical 
headways between vehicles which are traveling through a work zone and observe their behavior.  






 Explore literature and car-following models  
 Design and instrument a vehicle to collect car-following driver behavior data and 
Living Laboratory for experiment  
 Recruit participants for National survey and for driver study 
 Collect car-following gap data based on different drivers traveling in a work zone and 
non-work zone 
 Evaluate the driver behavior and response while driving through the work zones  
 Examine the data with psycho-physical car-following models  
 Develop a new multidimensional psycho-physical car-following framework that can 
be used in calibrating/validating a simulation model.  
 Present the framework calibrated for the modeling and simulation of work zones  
 
1.4 Research Framework and Methodology 
1.4.1 Literature review 
The first task in this study was to conduct an extensive literature review on research and practice 
of modeling and simulation of driver behavior.  Also, an evaluation of the psycho-psychical car-
following methodology and equations that were developed and used in modeling and simulation 
of traffic operations is part of this review.  The purpose of the literature review is to ensure that 
this research topic is unique and will not be duplicating previous research.  The literature review 






1.4.2 Subject recruitment: National Survey, Phase I, and Phase II  
The second task is to recruit participants to take part in this study. This study will recruit 
participants in three parts; (1) a national survey, (2) a Phase I Pilot Test and, (3) a Phase II 
Driving Test.  First the national work zone survey will recruit anonymous participants to take a 
29 question survey using online social media techniques.  The Phase I study will recruit human 
participants from Turner-Fairbank Highway Research Center (TFHRC).  An email was sent to all 
federal employees at TFHRC asking for volunteers and 10 participants were selected for this 
pilot study.  The Phase II study will recruit 64 random participants from the general public to 
take part in the driving test. An even amount of both males and females was selected to take part 
in this study.  Details on the selection process are described in Chapter 3 of this dissertation. 
1.4.3 Design, build and execution of the experiment  
The third task requires design and building of the experiment.  This requires a vehicle to be 
equipped with instrumentation to collect specific data from the participants that will drive the test 
vehicle.  This vehicle will provide the data that will be used during the analysis for a psycho-
physical car-following model.  Careful equipment selection and technology integration will be a 
very important part of the systems engineering section of this research.  The installation of the 
equipment will need to be specially planned out so that none of the equipment on the exterior of 
the vehicle will affect other drivers and the equipment in the interior of the vehicle also does not 
distract the participants involved in the study.  The design includes the use of a Living laboratory 
along with the instrumentation needed to be installed along the roadway.   
This Phase I pilot test was more of a preliminary study to collect sample data from the field. 
With the integration of equipment, analyzing the data and how it can be collected are important 






is essential for the formulation of the car-following parameters for work zones will provide more 
insights into the Phase II part of the study.  The Phase II included 64 random participants from 
general public to drive the instrumented vehicle through a work zone in Virginia.  The data 
collected from these participants will be stored for analysis. Evaluation of this data will support 
the development of specific driver behavior parameters for the car-following model.  The details 
for the experiment are described in Chapter 4 of this dissertation.   
1.4.4 Analysis  
The final task is to evaluate the car-following data collected from the field experiment.  The 
proposed framework uses the data from each participant to represent each individual’s car-
following behavior.  This framework is similar to the model developed by Wiedemann and 
follows the principals from the psycho-physical approach.  The human perceptions and reactions 
are represented by thresholds which were measured from IRV.  The details of this framework 
and analysis are described in Chapter 5 of this dissertation.   
1.5 Organization of the Dissertation 
This Ph.D. dissertation is composed of seven chapters.  Chapter 1 describes the study 
introduction.  Chapter 2 discusses literature on the impact of work zones on traffic flow, 
assessment tools for work zones focusing on the psycho-physical car-following algorithms used 
in microsimulation, and identification of instrumented vehicles used in this type of research.  
Chapter 3 explains the human factors framework and the national survey submitted online 
through social media techniques.  Chapter 4 provides a detailed explanation of the experimental 
design used in this dissertation.  Chapter 5 presents the analysis of the data and the new 






Chapter 6 investigates car-following behavior by use of survey techniques combined with 
instrumented vehicle data.  Chapter 7 provides a summary of the work accomplished in this 







CHAPTER TWO: LITERATURE REVIEW 
The purpose of this literature review is to assemble a good knowledge base of the research by 
presenting previous work that will support and expand the proposed Ph.D. research.  The first 
section of this literature review provides an overview on the impact that work zones have on 
traffic flow.  The second section includes a breakdown of work zone assessment tools that are 
used today.  The third section describes microsimulation car-following models.  The fourth 
section explains the psycho-physical car-following concept focusing on the Wiedemann model.  
The sixth section explains the use of instrumented vehicles in driver behavior research to collect 
driver specific data.  
2.1 Impact of Work Zone on Traffic Flow  
According to the American Association of State Highway and Transportation Officials 
(AASHTO), the term “uninterrupted flow facility” is defined as a category of facilities that have 
no fixed causes of delay or interruption external to the traffic stream; examples include freeways 
and unsignalized sections of multilane and two lane highways (AASHTO, 2009).  The Traffic 
flow theory for uninterrupted flow can be described by the generalized model shown in Figure 4. 
Congestion is caused when freeway demand exceeds capacity. Free flow conditions are shown 
on the density graphs as     when there is light traffic. When the critical density    is reached 
the maximum flow rate    is reached and speed decreases to   . The flow at this point will 
decrease until it reaches zero (0) as the density increases towards the jam density   .  
Uncongested or stable flow is when the flow is below the critical density and therefore capacity 








Figure 4: Generalized Relationships of Uninterrupted Flow (HCM, 2010) 
Roadways in the United States will continue to see work zones increase due to an aging 
infrastructure and with an increasing demand on the transportation network.  The question is how 
will freeway work zones impact the uninterrupted flow as described in the generalized model, 
shown in Figure 4.  As engineers analyze these interruptions, forecasting the impact a work zone 
will have on an existing freeway capacity can be a difficult task.  
The definition of capacity according to the Highway Capacity Manual 2010 states that “Capacity 






expected to traverse a point or a uniform section of a lane or roadway during a given time period 
under prevailing roadway, environmental, traffic, and control condition” (HCM, 2010).  When 
referring to work zone capacity there are two different approaches considered in practice. The 
first approach is to collect traffic flows during the 15-minute peak period and the second 
approach is to measure the flow rate for the discharge of the queued vehicles (Borchardt, Pesti, 
Sun, & Ding, 2009). There have been several methods proposed in the literature on how to 
identify work zone capacity, see Table 1.  This dissertation is not going to determine which 
method of determining capacity is more accurate but simply to identify the methodologies that 
have been developed.  
Table 1: Definitions of Work Zone Capacity 
State Work Zone Capacity Reference 
California 
The flow rate derived from three-minute time 
intervals during congested conditions 
(Kermode & Myra, 1970) 
Texas 
The hourly traffic volume under congested traffic 
conditions 
(Dudek & Richards, 1980) 
North 
Carolina 
The flow rate at which traffic conditions quickly 
changed from uncongested to queue conditions 
(Dixon, Hummer, & 
Lorscheider, 1998) 
Pennsylvania The maximum recorded five-minute flow rate (Jiang, 1999) 
Indiana The flow rate just before a sharp speed drop (Jiang, 1999) 
Illinois 
The highest flow sustained during a 15-minute 
time period that is either before a rapid speed drop 
or after a rapid speed increase 
(Benekohal, Kaja-Mohideen, 
& Chitturi, 2003) 
 
To make the statement that work zones impact capacity on a freeway, asking the question how 
work zones impact capacity is the right question.  There are four categories that are present in 
literature that have been identified to influence the capacity such as; work zone configuration, 
roadway conditions, work activity and environmental conditions (Borchardt, Pesti, Sun, & Ding, 
2009).  The factors for these four categories are shown in Table 2 and have been shown to 






highlight from this table include; work zone layout, time of day, and intensity of work activity.  
The tools that can be used to study these factors and test these methodologies are described in the 
next section. 






Number of Lanes Closed: The ratio of closed to total number of lanes 
is an important input in work zone capacity analysis.  
Work Zone Layout: The positioning of closed lanes versus open lanes 
as well as entry/exit ramp closures; a more effective layout will result 
in a greater work zone capacity.  
Length of Work Zone: A longer work zone indicates a greater 
likelihood of more intense work activity and the increased presence of 
warning signs; these combined items may reduce capacity.  
Roadway Conditions 
 
Roadway Grade: Steep grades may reduce driver visibility and the 
ability to maintain constant speed and vehicle spacing.  
Pavement Conditions: A lower quality pavement riding surface will 
affect vehicle speeds.  
Lane Width: Width of the travel lanes, lack of shoulders, and distance 
to lateral obstructions will impact capacity.  
Work Activity 
 
Intensity of Work Activity: High intensity work activity with a large 
number of workers will reduce capacity.  
Work Time: Capacity is impacted by the time-of-day of work activity.  
Type of Work: Various types of work will affect work zone capacity in 
different ways.  
Duration of Work: Project duration is a contributing factor to traffic 




Significant Rain Shower: A significant rain shower can reduce 
roadway capacity by 10 to 20 percent.  
Significant Snow: While not common for most parts of Texas, 
snowfall can impact traffic flow within work zones.  
 
2.2 Work Zone Assessment Tools 
There are many tools available for practitioners when it comes to work zone capacity and 
assessment modeling.  Selecting the right tool is the first step when conducting a work zone 






are available for engineers today.  This figure also shows the degree of functionality, results, 
time, training and cost relative to the tool selected.  
 
Figure 5: Work Zone Modeling Spectrum (Ullman & Lomax, 2011) 
With several assessment tools available, researchers are evaluating and identifying the strengths 
and weaknesses of these tools. Edara compared several of the most common used tools around 
the US from a survey (Edara, 2006).  Table 3 shows a comparison from HCM, QUEWZ 
QuickZone and Microsimulation tools and describes the strengths and weaknesses.  He 
concluded that QuickZone and Microsimulation are very detailed and would be beneficial for 
complex projects. According to Edara, literature has shown that QUEWZ, being simple, has been 








Table 3: Comparison of Tools (Edara, 2006) 
Tools Description Strengths Weaknesses 
HCM Reports range of 
observed capacities and 
corresponding average 
capacities of freeway 
work zones in Texas 
Illustrates graphical 
technique to estimate 
queue length 
Low input data 
requirement 
Quick results 
Easy to use 
Outdated capacity values 
Overestimates traffic 
impacts due to inability to 








Proposes using base 
capacity values and 
applying adjustment 
factors for intensity of 
work activity, effect of 
heavy vehicles, and 
presence of ramps in 
vicinity of work area 
Queue estimation 
technique is same as 
graphical method in 
HCM 1994 
Low input data 
requirement 
Quick results 




factors could be 
complicated 
Overestimates traffic 
impacts due to inability to 
account for effects of 
diversion 
QuickZone Comprehensive and 
highly detailed, 
incorporates various 
factors that impact 
delays at work zones 
Traveler response to 
prevailing traffic 
conditions, e.g., route 
changes, peak-
spreading, mode shifts, 
trip losses, are applied 
while estimating 
queues and delays 
High input data 
requirement (detailed 
roadway network coding of 
mainline and alternative 
roadways) 
Greater time and effort 




programs used for 
operational analysis are 
used for simulating 
work zone traffic 
Can estimate system-
wide traffic impacts 
Can model complex 
projects 
 
High input data 
requirement (detailed 
roadway network coding of 
mainline and alternative 
roadways) 
Greater time and effort 
required from user 
Cannot model saturated 








Work Zone Capacity Analysis Tool (WZCAT) was developed by the Wisconsin Department of 
Transportation (WisDOT) during the late 1990’s.  This tool uses Microsoft Excel and is based on 
a deterministic queuing analysis.  The WZCAT methodology is based on the HCM 2000 where 
user inputs an empirical value for capacity based on data collected from the field.  The demand 
volume is then compared to the capacity for the work zone entered and if this exceeds capacity 
then excess demand is stored upstream in a queue.  From this stage an input-output analysis is 
used to keep track of the stored vehicles.  These vehicles are used in the calculation of the 
vehicular delay and queue lengths (Lee, D.A., & Qin, 2008).  
2.2.2 QUEWZ 
Queue and User Cost Evaluation of Work Zones (QUEWZ) is a popular analytical tool that was 
developed by Texas Transportation Institute (TTI) in the late 1990’s.  This tool is DOS based 
and computes road user cost due to lane closures in a work zone.   This tool requires directional 
hourly traffic volumes and uses model constants that can be adjusted such as: Cost update factor, 
percentage of trucks, speed-volume relationship, work zone capacity, definition of excessive 
queuing and pollutant emissions rank.  Three of the user costs that are provided from this tool 
includes: Travel time, emission and vehicle operation.  This model assumes a linear speed-
volume relationship for v/c less than the LOS D/E breakdown point.  A quadratic relationship is 
used when the v/c ratio is greater than the LOS D/E breakdown point.  The speed-flow 







Figure 6: Speed-Flow relationship in QUEWZ (Benekohal, Kaja-Mohideen, & Chitturi, 
2003) 
2.2.3 QuickZone 
QuickZone was developed by the Federal Highway Administration (FHWA) as an open source 
application using Microsoft Excel and allowing users to have access to the source code.  This 
tool is a link based network that is used to estimate delay impacts of alternative construction 
phasing.  The cost for the construction and delays are computed from the results to help identify 
different schedules such as time of day or seasonal phases of construction.  The capacity in this 
tool is either inputted by the user or calculated by the Highway Capacity Manual (HCM) 
methodologies.  This tool also employs input-output analysis for each link in the network 
(Ramezani, Benekoha, & Avrenli, 2011).   The travel demand and proposed capacity are used to 
estimate the delay and minute queue length in an hourly rate.  When compared to HCM the data 
input for QuickZone is greater. One of the major limitations of this tool is that delay due to 






the demand is less than capacity hence there is no delay (Chitturi & Benekohal, 2004).  Table 3 
compares the strengths and weaknesses to other work zone models.  
2.2.4 Microscopic Simulation  
Microscopic simulation models are being used by engineers today to model the impact of work 
zones. Some of the available tools that are used include; AIMSUN, CORSIM, PARAMICS, 
VISSIM, etc.  These models are more time consuming than the other tools since the user has to 
build, calibrate, and validate the network.  Engineers typically use microsimulation to develop 
models for complex or mega projects.  Most of the other tools are more of a spreadsheet based 
analysis that uses empirical data or analytic equations.  Microsimulation models are also able to 
simulate traffic during queue conditions to obtain the maximum throughput past the bottleneck 
as the calculation for capacity.  Therefore, the model has to be correctly calibrated or the output 
will not be accurate.  
One of the key factors that microsimulation is able to account for is driver behavior.  Heaslip et 
al. (2007) looked into the influence of driver behavior during changing conditions in work zones 
on traffic flow (Heaslip, Collura, & Louisell, 2007).  They developed an agent-based algorithm 
that assesses driver behavior for a microscopic evaluation from a field study.  The field data 
showed that there was significantly different driver behavior for peak hour than off peak hour 
drivers.  It was also shown in this study that there was a speed shift in the receiving lane with 
10.4 mph for peak and 12.9 mph for off peak traffic.  
Ramezani et al. investigated some of the issues with work zones such as: Delay estimation, 
queue length and capacity (Ramezani, Benekoha, & Avrenli, 2011).  They looked into several 






Analytical programs and microsimulation programs.  Analytical programs are very straight 
forward with the data input but have limitations when it comes to different field conditions.  For 
microsimulation, behavioral rules are used to simulate driver reactions and vehicle movements 
and it takes a lot of resources and data to build this model.  When modeling work zone driver 
behavior, one of the limitations is that documented research for driver behavior is not well 
known, which is needed to calibrate the model appropriately.  
2.3 Microsimulation Car-Following Models  
One of the key elements in these microsimulation models is the car-following algorithms that are 
used.  The basis of car-following models can be depicted in Figure 7 below.  There are two 
vehicles,   , which is the lead vehicle and,     , which is the following vehicle.  Each of the 
vehicles have a length, L, and its position, X, velocity, V, and acceleration, A, are identified by, 
j, which is the identifier of each specific vehicle.  Equations 2, 3 and 4 calculate the acceleration 










Figure 7: Concept for car-following algorithms 
Acceleration rate of following vehicle 
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Where: 
k = lead vehicle  
k+1 = following vehicle  
t = at time t (      ) 
    = acceleration of following vehicle 
     =    time after time t (      )  
  = length of vehicle j (    )  
   = position of vehicle j (    )  
   = Velocity of vehicle j (           )  
   = acceleration rate (or deceleration rate) of vehicle j (           
 ) 
There are many different car-following algorithms that have been developed and they go back as 
far as the 1940’s.  Researchers Herrey and Herrey (Herrey & Herrey, 1945) were the first to 
describe vehicle trajectories for modeling car-following rather than just velocities and spacing 
(Newell, 2002). The idea proposed was the concept of “safe driving distance” which a driver 
must maintain when following a vehicle.  This relationship can be described through a quadratic 
relationship between spacing and speed.  Drivers that keep a safe distance from the vehicle in 
front can be observed in safety distance or collision avoidance models.  Several researchers have 
looked into the safe distance or gap of the vehicle in front of them.  For example, Hwang and 
Park modeled gap acceptance behavior that is based on discrete modeling (Hwang & Park, 
2005).  Their model looked at both quantitative and experimental data from drivers in real 






drivers in congestion, who accept smaller gaps, and drivers in uncongested conditions.  Table 4 
shows the gap acceptance and rejections for these vehicles in uncongested and congested traffic 
conditions.  This confirms that drivers change their behavior in congested traffic conditions by 
being more risky.  This data shows that the factors for gap acceptance include the lag gap, lead 
gap, front gap and the amount of heavy vehicles presents.  
Table 4: Comparison of gap size per traffic condition (Hwang & Park, 2005) 
Lag Gap (m) Reject Accept 
Non Congestion 20.41 32.70 
Congestion 19.19 28.71 
 
There are several different microsimulation tools available in the market today that have been 
developed over the years to model vehicles in simulation.  This dissertation discusses four of the 
most commonly used tools which have different algorithms for car-following. These four models 
are: Gipps model in AIMSUM, FRESIM model in CORSIM, FRITZSH model in PARAMICS, 
and the Widemann model in VISSIM. Each one of these car-following algorithms has its own 
assumptions   
2.3.1 Gipps model in AIMSUM 
The Gipps car-following model can be found in AIMSUM (Advanced Interactive Microscopic 
Simulator for Urban and Non-urban Networks) which was developed at the Laboratorio de 
Investigacion Operativa y Simulacion of the Universitat Politecnica de Catalunya in Barcelona, 
Spain (Barcelo, 2001).  This tool is very popular in modeling dynamic traffic assignment and is 
readily used in Europe and is being more frequently used in the USA. 
The Gipps model is known as the safe distance model.  The safe distance model was first 






safe distance to avoid a collision with the lead vehicle (Kometani & Sasaki, 1959).  This model 
looked at vehicles in tunnels and focused on the vehicles that were coming to a stop (Rothery, 
1992).  This model was later modified by Gipps to include calibrated values based on 
acceleration, deceleration, maximum speed etc. all are based on common assumptions of driving 
behavior (Gipps, 1981).  The Gipps model is widely used in simulation models and following 
vehicle threshold constrained acceleration (Gipps, 1981). 
The Gipps model states that the following vehicle will not exceed the desired speed as 
acceleration increases then acceleration decreases as the vehicle approaches the driver’s desired 
speed.  As the driver travels and maintains a safe distance, the new speed of the vehicle during 
congested conditions will be limited when headways are small.  The Gipps model was set on 
limitations that were based on safety considerations where the driver would estimate the speed of 
the vehicle in front and would be able to come to a complete stop if needed. 
2.3.2 FRESIM in CORSIM 
The FRESIM car-following model can be found in CORSIM (CORridor SIMulation) which was 
developed by the Federal Highway Administration and released in 1998.  The tool was a 
combination of NETSIM (NETwork SIMulation) which was used to simulate urban traffic 
systems in the 1970’s and FRESIM (FREeway SIMulation) which was used to simulate complex 
freeway designs (Bloomberg & Dale, 2000).  The FRESIM model was developed by the 
University of Pittsburgh and is used as the freeway car-following algorithm. This car-following 
algorithm for behavior is identical to Pipes car-following model (Rakha & Crowther, 2002).   
Their equation shows the speed and distance headway differential between lead and following 






lead and following vehicles had the same speed and also takes into considerations the maximum 
speed on the roadway during an uncongested regime.  
2.3.3 Fritzsche model in Paramics 
The Fritzsche car-following model can be found in PARAMICS which was developed by the UK 
Department of Transportation in the early 1990’s.  This software was based on several papers 
published by Hans-Thomas Fritzsche.  Therefore, the car-following model used in Paramics is 
the Fritzsche model (Fritzsche, 1994) which is an acceleration model based on the psycho-
physical car-following methodology.  This model uses human perceptions of the driver and 
categorizes them in to five types: Free driving, following 1, following 2, closing in, and danger. 
For example, with the change in speed the driver will only perceive it if it is within a specific 
magnitude. 
2.3.4 Wiedemann model in VISSIM 
The Widedmann car-following model can be found in VISSIM (Verkehr In Städten – 
SIMulationsmodell) which was developed in Karlsruhe, Germany by Planung Transport Verkehr 
(PTV) AG in 1992. This software package uses the Wiedemann model for their car-following 
algorithm which was developed in 1974 by Wiedemann based on the psycho-physical behavior 
(Wiedemann, 1974). This dissertation is going to focus on the Wiedemann model which is 
described in more detail in the next section. This model was selected because the assumptions 







2.4 Psycho-Physical Car-Following Concept 
The psycho-physical car-following model follows thresholds where a driver makes a change in 
their behavior at an “action” point.  These action points allow drivers to react due to the change 
in spacing and relative velocity.  The relative space and speed (ΔX/ΔV) diagram, displayed in 
Figure 8, shows the psycho-physical follow-leader pair.  
 
 
Figure 8: A Psycho-Physical car-following model (Olstam & Tapani, 2004) 
The psycho-physical car-following framework was selected in this analysis because the 
assumptions bring in driver behavior and perception as a major factor in the algorithm.  
Wiedemann pointed out 40 years ago that human driving behavior is naturally distributed with 
the drivers having different driving abilities, perception and reaction, needs of safety, desired 






2.4.1 Discussion of Existing Pyscho-Physical Models  
The model thresholds for psycho-physical models are represented in terms of relative velocity 
ΔV and relative distance ΔX of the vehicle, shown in Figure 8.  Each of these models follows the 
framework for separating the car-following behavior into regions based on different 
psychological driving assumptions. The model that Wiedemann developed has different 
parameters to account for all these different driving behaviors that can be used for the driving 
functions.  These functions are delimited by thresholds that define different interactions by lead 
or following vehicle.  The reactions defined, for the following vehicle are:  (1) not influenced by 
any front vehicle, (2) consciously influenced because the driver perceived a slower front vehicle, 
(3) unconsciously influenced being in the following process, (4) or in an emergency situation. 
This is demonstrated in the Wiedemann model (Wiedemann, 1974) by the four regimes shown in 
Figure 9:  (1) Free driving, (2) Closing in, (3) Following, and (4) Emergency regimes.  The 
Fristzsche model developed two different situations for following.  The Fristzsche model 
(Fritzsche, 1994) has five regimes shown in Figure 10: (1) Free driving, (2) Following 1, (3) 








Figure 9: Wiedemann Psycho-Physical car-following model (Olstam & Tapani, 2004) 
 
 






 One of the limitations of these current models is that they only account for one overall 
behavioral condition.  For example, the hypothesis that drivers’ have different behavior in a non-
work zone verses a work zone freeway section is not accounted for in the current car-following 
models.   One of the difficulties with the Wiedemann model is that the literature presents a set of 
calibration parameters (Olstam & Tapani, 2004) but does not reveal how these calibration 
parameters were originally formulated.  There are no clear steps of how this model can be 
calibrated for driver behavior today.  Vehicle technology has changed significantly since 
Wiedemann model was developed, and so this may have affected driver behavior.  In addition, 
the driver behavior in work zones may be different than non-work zones.  The Wiedemann 
model being unclear of how it selected its parameter values lacks the flexibility to allow for 
major changes in driver behavior between work zones and non-work zones.  However, the 
Wiedemann model is selected for comparison based on its inclusion in popular simulation 
software.  In this dissertation, we propose a new model.   
2.4.2 Review of the Wiedemann Model  
The desired distance between stationery vehicles (front-to-front) is represented by the threshold 
AX.  This is shown in Figure 9 as a horizontal line where ΔX remains constant.  AX is defined as 
the length of the leading vehicle and the desired front-to-rear distance (Wiedemann, 1974). 
                                           (4) 
Where: 
  : The leading vehicle length 






AXadd and AXmult are calibration parameters, see Table 5 
     is a normally distributed random number for a vehicle 
The desired minimum following distance at low speed differences is represented by the threshold 
ABX.  This represents the driver’s ability to underestimate the safe distance at high speeds which 
relates to drivers being more risky at high speeds than at lower speeds (Wiedemann, 1974). 
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Where:  
BXadd and BXmult are calibration parameters, see Table 5 
  = Vehicle speed 
The approaching point at long distances is represented by the threshold SDV.  This threshold is a 
point where the driver starts to consciously realize they are approaching a slower vehicle.  The 
driver will start to reduce their speed trying to keep a distance higher than ABX (Wiedemann, 
1974). 
    ( 
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       ,        and        are calibration parameters, see Table 5 
The maximum following distance is represented by the threshold SDX.  This threshold is a point 
where the driver starts to consciously realize they are leaving the following vehicle and may be 
falling back.  They will react to obtain ideal headway by accelerating.  This threshold for drivers 
falls between 1.5 and 2.5 times ABX.  
                                      (10) 
                                              (11) 
Where: 
      and        are calibration parameters, see Table 5 
     = normally distributed random number 
     = normally distributed driver dependent parameter 
Decreasing speed differences is represented by the threshold CLDV.  This threshold provides a 
mechanism for a different behavior when the driver approaches the leading vehicle more closely 
than the approaching point.  In the simulation package VISSIM, CLDV is ignored and simply 
assumed to be equal to SDV. 






Increasing speed difference is represented by the threshold OPDV.  This threshold describes the 
point where the driver observes that he/she is traveling at a lower speed than the leader.  
                                                  (13) 
Where: 
        and          are calibration parameters, see Table 5 
     is a normally distributed random number. 
Table 5 shows the VISSIM Wiedemann calibration parameters and default threshold values used 








Table 5: VISSIM Wiedemann Calibration Parameters (Olstam & Tapani, 2004) 
Parameter Description Value Reference 
AXadd Additive calibration parameter 1.25 






(Wiedemann and Reiter, 
1992) 
BXadd Additive calibration parameter 2.0 






(Wiedemann and Reiter, 
1992) 
EXadd Additive calibration parameter 1.5 






(Wiedemann and Reiter, 
1992) 
OPDVadd Additive calibration parameter 1.5 






(Wiedemann and Reiter, 
1992) 





(Wiedemann and Reiter, 
1992) 
NRND 
Normal distributed random 
number 
            ** 
(Wiedemann and Reiter, 
1992) 
RND1 
Normal distributed driver 
parameter 
            ** 
(Wiedemann and Reiter, 
1992) 
RND2 
Normal distributed driver 
parameter 
            ** 
(Wiedemann and Reiter, 
1992) 
RND4 
Normal distributed driver 
parameter 
            ** 
(Wiedemann and Reiter, 
1992) 
     Max acceleration     
   
  
   
(Wiedemann and Reiter, 
1992) 
     MAx deceleration     
   
  
   
(Wiedemann and Reiter, 
1992) 
* Estimation from graph **Mean values have been used ***Estimation from graphs  
Table 6 shows the VISSIM Wiedemann parameters and default values used in their software 
package. These default values can be edited in the software package to reflect a calibrated value. 














Standstill distance: 4.92 ft 
Desired distance between lead and following vehicle at v = 0 mph. This 
variable has no variation. 
CC1 
Headway Time: 0.90 sec 
Desired time in seconds between lead and following vehicle. The higher the 
value, the more cautious the driver is. Thus, at a given speed v [mph], the 
safety distance dx_safe is computed to: dx_safe = CC0 + CC1 * v. The safety 
distance is defined in the model as the minimum distance a driver will keep 
while following another car. In case of high volumes this distance becomes the 
value with the strongest influence on capacity. 
CC2 
Following Variation: 13.12 ft 
Additional distance over safety distance that a vehicle requires. This restricts 
the longitudinal oscillation or how much more distance than the desired safety 
distance a driver allows before he/she intentionally moves closer to the car in 
front. If this value is set to e.g. 30ft, the following process results in distances 
between dx_safe and dx_safe + 30ft. The default value is 13.12ft which results 
in a quite stable following process. 
CC3 
Threshold for Entering ‘Following’ State: Time in seconds before a vehicle 
starts to decelerate to reach safety distance (negative). i.e. when a driver 
recognizes a receding slower vehicle. In other words, it defines how many 





Negative ‘Following’ Threshold: 0.35 ft/s 
Specifies variation in speed between lead and following vehicle. This controls 
the speed differences during the ‘Following’ state. Smaller values result in a 
more sensitive reaction of drivers to accelerations or decelerations of the 
preceding car, i.e. the vehicles are more tightly coupled. The default values 
result in a fairly tight restriction of the following process. 
CC5 
Positive ‘Following Threshold’: 0.35 ft/s 
Specifies variation in speed between lead and following vehicle. This controls 
the speed differences during the ‘Following’ state. Smaller values result in a 
more sensitive reaction of drivers to accelerations or decelerations of the 
preceding car, i.e. the vehicles are more tightly coupled. The default values 
result in a fairly tight restriction of the following process. 
CC6 
Speed Dependency of Oscillation: 11.44 
Influence of distance on speed oscillation. If set to 0 the speed oscillation is 
independent of the distance to the preceding vehicle. Larger values lead to a 




Oscillation Acceleration: 0.82 ft/s
2
 
Acceleration during the oscillation process 
CC8 
Standstill Acceleration: 11.48 
ft/s
2
 Desired acceleration starting from standstill (limited by maximum acceleration 
defined within the acceleration curves). 
CC9 
Acceleration at 50 mph: 4.92 ft/s
2
 
Desired acceleration at 50 mph (limited by maximum acceleration defined 







Researchers from the University of Missouri-Columbia used VISSIM to evaluate the traffic 
impact of work zones for a typical early-merging system (Chatterjee, Edara, Menneni, & Sun, 
2009).  The objective of this research was to obtain car-following driving behavior data and to 
adjust the parameters for a VISSIM simulation model to determine the capacities of the work 
zone.  Their study focused on changing three parameters; CC1 (desired time headway), CC2 
(longitudinal following threshold during following), and SRF (critical lane-changing parameter) 
which reflects aggressiveness.  It was implied that drivers that maintain a longer headway look 
for longer gaps, and drivers that maintain a short headway look for shorter gaps. Charts were 
developed to provide users with coefficients that would provide capacities for the state specific 
early merge systems.  
2.5 Instrumented Vehicle Studies 
One of the methods, shown in literature, to collect driver behavior is to observe a driver in real 
world driving conditions.  With the intent to collect data on specific driver characteristics and 
performance, researchers have used instrumented vehicles and driving simulators to capture their 
reactions.  
Godley et al. used a driving simulator and an instrumented vehicle to conduct an evaluation of 
speeding countermeasures.  The instrumented vehicle used in this study was a Holden Apollo 
with front wheel drive.  Since speed was the only variable needed, the driving speed was 
measured from the speedometer.  This study recruited 24 participants who were post-graduate 
students or staff of the Monash University for the instrumented vehicle part of the study.  The 
study was estimated to take 3 hours and each participant was paid $10 AUS per hour for their 







Boyce and Geller were looking into younger male drivers and wanted to see if they really take 
more risk.  They used a questionnaire and an instrumented vehicle for this study.  The vehicle 
used in this research was a 1995 Oldsmobile Aurora with four video monitoring cameras; two 
cameras captured the driver and the other two cameras recorded the vehicles in front and rear of 
test vehicle. A PC-VCR was used to time stamp the data and also record vehicle data from the 
A/D interface such as speedometer, accelerator, brake etc.  This study recruited 61 participants 
by means of flyers and newspaper ads.  The study grouped them into three categories; younger, 
middle-aged, and older drivers.  The study took approximately 2 hours to complete and each 
participant was paid $10 per hour for their time (Boyce & Geller, 2002).   
Ma and Andreasson studied the driver dynamics between driver behavior and car-following by 
using an advanced-instrumented vehicle on Swedish roads (Ma & Andreasson, 2006).  The 
vehicle used was a Volvo and was equipped with a global positioning device that recorded travel 
time, distance, speed, and fuel economy.  Two cameras and two Lidars were installed on the 
front and rear bumper with the Lidar refresh rate set to 50 Hz measuring interval at 0.02 seconds.  
The data was collected and written as follows:  
      [                             ]
              (14) 
Where: 
         Change in position over time 






                      Relative position, speed, and acceleration between instrumented 
car and observed car. 
This study used “follow the leader” behavior with random vehicles behind the equipped car 
being observed.  The generalized GM-Type model was used to calibrate the car-following 
behavior from a sample of 10 randomly observed drivers.  Out of the four different regimes 
shown in Figure 11, this model was calibrated and described as a stable regime.  Further research 
into other car-following regimes is necessary to increase the global stability of the model and to 







Figure 11: Classification of interactive car-following regimes (Ma & Andreasson, 2006) 
Researchers Ghazavi et al. out of Australia where looking into modeling driver behavior 
considering the surrounding vehicle’s (Ghazavi, Zavabeti, & Sarvi, 2009).  They instrumented a 
2005 Subaru with GPS system with front and rear Lidar to collected headway.  They were able to 
collect a 180 degree view from the front and rear of the vehicle to detect the surrounding 
vehicles.  There system logged vehicle speed, acceleration, deceleration, relative distances and 
speeds of the surrounding vehicles.  This study did not require the use of participants to drive the 







Figure 12: ARGOS vehicle (Valero-Mora, Tontsch, Pareja-Montoro, & Sánchez-García, 
2010) 
A study in Europe called PROLOUGUE (PROmoting Real Life Observations for Gaining 
Understanding of road user behavior in Europe) was looking in understanding methodology for 
conducting a naturalistic driving research.  One of the research locations took place in Valencia, 
Spain and involved a highly instrumented vehicle to be driven by participants.  This vehicle was 
equipped with five advanced computer systems.  Some of these systems included a video 
management for cameras of the driver and cameras outside the vehicle, LIDAR to measure 
distances of objects surrounding the sensor, and GPS for positioning.  The ARGOS vehicle is 
shown in Figure 12.  The researchers were aware that the equipment on the outside was 
distracting drivers and the computers were clearly discernible from other vehicles through the 
windows.   They decided to reduce the size of the sensors on the exterior of the vehicle and tint 
the windows to avoid distracting other drivers.  As one of their trials, they used five middle age 
subjects and a balance of gender as their two main variables for selecting the participants 







Figure 13: C/ACC DAS and Engineering Computer (Nowakowski, Shladover, Cody, & Bu, 
2010) 
California PATH had a project with FHWA Exploratory Advance Research Program that was 
investigating what car-following gaps would be acceptable for drivers using Cooperative 
Adaptive Cruise Control (CACC).  To test these concepts, they acquired several infinity FX-35 
vehicles and were able to use the onboard factory ACC system.  This vehicle was also equipped 
with five video cameras, accelerometer, Differential Global Positioning System (DGPS) for 
positioning, and a data acquisition system which is shown in Figure 13.  They recruited 16 
participants from U.C. Berkeley and U.C. San Francisco Research Subject Volunteer Program 
which is a website where they post requests for participants.  These participants consisted of half 
male and half female with an age range from 25-46 years.  This study did not offer hourly rate of 
payment but participants were reimbursed for fuel during this study (Nowakowski, Shladover, 






Researchers in Finland conducted a study to look into where drivers were looking on rural roads 
when approaching a curve.  This study used an equipped Toyota Corolla with smart eye 
technology, GPS receiver, a forward facing video camera and also recorded Car Area Network 
(CAN-bus) data from the car.  There were 10 participants in this study which were recruited 
through a university mailing list and personal contacts among friends and family (Lehtonen, 
Lappi, & Summala, 2012). 
 
 
Figure 14: European Instrumented Vehicle (Bifulco, Pariota, Brackstone, & Mcdonald, 
2013) 
Researcher in Italy lead a study focusing on advanced driving assistant systems and revisited the 
action point diagram used in psycho-physical car-following models (Bifulco, Pariota, 
Brackstone, & Mcdonald, 2013). The vehicle that they used was a fiat multipla which was 
equipped with a forward facing camera, GPS, radar, and onboard PC shown in Figure 14. This 
study collected data from 20 subject to capture car-following behavior.  The conclusion of the 







Table 7: Instrumented Vehicle Summary 








Four video monitoring cameras 
PC-VCR  
Vehicle data 
61 (Boyce & Geller, 2002) 
Volvo 
Two cameras  
Two LIDARs both front and 
rear  
GPS 
10 (Ma & Andreasson, 2006) 
Subaru 








Five advanced computer 
systems.  







Five video cameras 
Accelerometer 
DGPS 
Data acquisition system 
16 
(Nowakowski, Shladover, 
Cody, & Bu, 2010) 
Toyota Corolla 
Smart eye technology 
GPS receiver 
Forward facing video camera 
Vehicle CAN data 
10 









Brackstone, & Mcdonald, 
2013) 
 
Table 7 provides a summary of these instrumented vehicles over the past decade.  This summary 
shows that over time advancement of technology has strengthened the type of research 
capabilities.  This literature describes the usefulness of building such vehicle to assist in data 
collection and involving a low number of participants.  None of these studies used their 
instrumented vehicles to collect driver data in work zones but this shows that the capability to do 






2.6 Emerging Living Laboratories (LL) 
The concept of a Living Lab (LL) surfaced in Europe around the turn of the 21
st
 century.  The 
idea behind this concept was motivated by developing a research program that focused on 
interactions with intelligent environments.  For example, the first LLs emerged in the area of 
new technology for future homes involving real people and their interaction with new devices.  
The vision of this LL would serve as a platform for collaborative research for developments and 
testing of new technologies (Markopoulos & Rauterberg, 2000).  Over the past decade the 
concept of a LL has evolved in Europe, being defined: (1) as an environment (Ballon, Pierson, & 
Delaere, 2005), (2) as a methodology (Eriksson, Niitamo, & Kulkki, 2005), and (3) as a system 
(Core Labs, 2007).  These three definitions seem to be complimentary and have been combined 
to define a Living Lab as “a user-centric innovation milieu built on every-day practice and 
research, with an approach that facilitates user influence in open and distributed innovation 
processes engaging all relevant partners in real-life contexts, aiming to create sustainable values” 
(Bergvall-Kåreborn & Ståhlbröst, 2011).  This definition is based on LLs that have focused 
mainly on developing new technologies, services and applications in real-world environments to 
promote product creation.  This dissertation applies the concepts of the original European Living 
Labs to develop a LL specific to traffic operations research in the United States. 
A Living Laboratory, specific to transportation operations, is defined here as a roadway network, 
corridor or regional transportation network that is instrumented with technology to promote 
collective learning and collaborative research based on a user-centric innovations for evaluating 
operational performance.  The purpose of establishing a LL is to evaluate technologies and 
treatments on a roadway’s operational performance in a real-time, connected and collaborative 






(e.g., freeways, arterials, and rural roads) to capture the real-world reaction or acceptance of 
conceptual strategies and treatments.  
A LL may sound similar to the concept of a testbed but in reality they differ in experimental 
methods.  A testbed is defined as a platform for experimentation of large deployments of 
scientific theories, computational tools, and new technologies (Testbed, 2012).  Testbeds are 
used for isolated testing proof-of-concept for new technologies in a controlled environment; 
however, a Living Laboratory focuses on a non-isolated deployment and testing in real-world 
environments.   
2.7 Using Surveys in Research 
Understanding behavioral responses of drivers can be analyzed by using a survey or 
questionnaire to collect stated preference (SP) and revealed preference (RP) responses.  Stated 
preference (SP) refers to what the driver would do when faced with a specific situation and 
revealed preference (RP) refers to what the driver actually did when he/she had the same or 
different situation (Louviere, Hensher, & Swait, 2000).  Researchers have used these types of 
questions for transportation modeling of behavior when surveying drivers about their stated 
preference (SP) to capture their expected behavior (Khattak, Polydoropoulou, & Ben-Akiva, 
1996), (Peeta, Ramos, & Pasupathy, 2000) and (Devarasetty, Burris, & Douglass Shaw, 2012).  
Of these types of studies that focused on work zones, they mainly focused on understanding the 
effects of driver diversion (Song, Yin, & Srinivasan, 2011).  Other surveys in general focused on 
the perception of work zone signage and speed limits, and other issues such as the drivers’ 
anxiety while driving through a work zone (Benekohal, Hashmi, & Orloski, 1993), (Benekohal, 






Haas, 2002).  However, no efforts in developing statistical modeling to predict driving behavior 
have been reported.  Driver input has been implemented by decision-making agencies when 
analyzing potential mobility impacts.  Public opinion on work zones has been considered in past 
studies by state departments of transportation as can be found in (Washington (State) and Ilium 
Associates, Inc., 1995) and (Griffith & Lynde, 2002).  One recent example is Missouri 
Department of Transportation who has conducted a customer survey on work zones (Missouri 
Department of Transportation., 2014).  Questions emphasized the drivers’ understanding of road 
sign and control devices installed in work zones.  Another recent survey was conducted by the 
Associated General Contractors of America which focused on workers’ safety (Associated 
General Contractors of America, 2014).  Nevertheless, car-following behavior has been excluded 
from these questionnaires ignoring significant information on driving behavior. 
2.8 Summary and Lessons Learned 
There are three areas identified that will support the collection of data needed to calibrate a 
psycho-physical car-following model for work zones.  These three areas include, obtaining 
traffic data, collecting scientific measurements in the field, and gathering demographic 
information of drivers.  
2.8.1 Traffic Data  
Monitoring and storing of traffic data will be very important in the analysis of this dissertation.   
As this study is focusing on work zones, the traffic volume in work zones will vary from day to 
day depending on the work being done. Knowing the volume of traffic for each experiment will 
help with the calibration of the adjusted parameters.   The traffic data that will be monitored will 






2.8.2 Scientific Measurements  
According to the literature, Radar and Lidar are two technologies that have been used to identify 
objects around a vehicle.   Lidar was a technology used to measure gaps and critical headways in 
real time by researchers in Sweden (Ma & Andreasson, 2006) and Australia (Ghazavi, Zavabeti, 
& Sarvi, 2009).  When comparing the two technologies, they can both produce sufficient data 
required for this study.  It boils down to the specifics while Lidar provides a much more detailed 
data stream; the radar meets the requirements for this study. Some of the requirements include: 
 Device must be small enough to fit behind the bumper of a vehicle 
 Device must work in different weather conditions (e.g., rain or snow) 











Figure 15: Concept for Measuring the Critical Gap  
The Universal Medium Rang Radar (UMRR) from SmartMirco was the radar device that met the 
requirements set forth to measure the vehicle gaps in real-time. To describe the concept of 
collecting these gaps with an instrumented vehicle refer to Figure 15. The instrumented vehicle 
in the center of this diagram is represented between two vehicles on a freeway. The radar on the 
front bumper will record the relative velocity and position of the forward vehicle and the radar 
on the rear bumper will record the relative velocity and position of the following vehicle.  
IRV 
         
         







The data collected from the radar will be used to compare the driver car-following behavior for 
drivers driving “before-during-after” the work zone on a freeway.  The before data will provide a 
baseline for the drivers behavior prior to entereing the work zone.  Once the driver enters the 
work zone we expect their car-following behavior to change.  This is where the demographic 
information collection on the driver will assist in finding patterns in behavior based on 
characteristics of the driver. 
Other data that needs to be collected include video, speed, and position information of the 
instrumented vehicle.  Cameras will provide a visual image of the vehicles in the front and rear 
of the instrumented vehicle. Speed and position of the vehicle will be provided from the on board 
GPS data.  
2.8.3 Survey Data 
Collecting survey data on the drivers’ demographics in this study will be helpful when looking 
for trends in the data.  A questionnaire will be used to survey the drivers to collect this 
demographic data along with questions referring to work zones.   The work zone related 
questions are asked specifically to find out the comfort level of the driver when driving in certain 
situations of a work zone. 
2.8.4 Proposed Framework 
In summary, the collection of traffic data, scientific measurements and survey data will be 







Figure 16: Car-Following data integration in this dissertation 
The collection of these variables will be used to simulate real-world driving behavior in work 
zones.  This new psycho-physical framework will help improve the accuracy of modeling work 
zones in micro-simulation software.  
2.8.5 Conclusions 
The literature described in this chapter provides a strong knowledge base of previous research in 
the areas of work zones, car-following algorithms, and instrumented vehicles.  One of the major 
findings in this review of past literature determined that research looking into the change in 
driver behavior specific to freeway work zones and applying the data collected from these work 
zones to car-following algorithms in microsimulation has not been done using an instrumented 
vehicle.  Focusing on the Wiedemann psycho-physical car-following model for modeling and 
simulation, the change in driver behavior from a normal freeway segment to a freeway with a 
work zone segment are not captured.  The psycho-physical car-following framework needs to be 
















that is available today and with researchers using instrumented vehicles to collect the data, the 
idea of capturing and calibrating a psycho-physical car-following model to simulate the change 







CHAPTER THREE: HUMAN FACTORS FRAMEWORK 
The design of this experiment is divided into four areas where data is collected to support this 
dissertation. The four areas include; recruiting human participants as drivers for this study, 
providing a questionnaire to collect demographic and driver behavior data, designing a vehicle 
with sensors needed to collect driver performance data, and setting up roadside equipment for 
collecting traffic data. Each of the areas of this experiment is described in this chapter.  
3.1 Human Factors Criteria 
The human participants recruited for this study were comprised of random participants form the 
general public who live in the Washington D.C metro area. The experiment began and ended at 
Turner-Fairbank Highway Research Center (TFHRC) located in McLean, VA. All participants 
must arrive at TFHRC at their scheduled time.    
This study is divided into two phases: 
Phase I: Pilot Test 
This study recruited human participants from Turner-Fairbank Highway Research Center. 
Recruitment for the research was set up on the Survey Monkey site. An email was sent to all 
federal employees at TFHRC asking for volunteers. Out of the people respond, 10 participants 
were selected. They were contacted by email and notified that they were selected. A copy of the 
consent form was attached to this email and participants were directed to reply back to the 
Principal Investigator (Taylor Lochrane) confirming their participation.  






The full study recruited random human participants from the general public to take part in a 
recorded drive. A contract was awarded from FHWA to SAIC to recruit 64 random participants, 
schedule drive times and carry out the experiment over a three month period.  An equal number 
of males and females was selected from the general public. A copy of the consent form was sent 
to all participants and if there awere any questions they were directed to reply back to the 
Principal Investigator (Taylor Lochrane) confirming their participation. 
3.1.1 Involvement 
Prior to the scheduled experimentation day the participants was asked to respond to a 
questionnaire that will be provided through a link on Survey Monkey (this is an approved 
method by the U.S.DOT).  This response took 15 minutes to complete, see Table 10 for the list 
of questions.  The selected participants were sent an email link from the Principal Investigator 
directing them to the questionnaire.  These same questions were set up with a different URL, 
available on Survey Monkey for the general public to volunteer for answering the survey 
questionnaire only (Note: the general public, which includes non-federal employees, did not take 
part in the driving of the vehicle).  The data collected from the general public were anonymous 
and did not contain identifiable data.  These responses were used to expand the sample 
population for modeling purposes; projecting to recruit 1,000 volunteers.  
On the day of the experiment, this study took about 2-3 hours from start to finish.  There were 30 
minutes for the participants to familiarize themselves with the vehicle and to go over protocols 
such as mandatory use of seatbelts and that use of cell phones was prohibited.  The estimated 
travel time to the site and back was approximately 30 minutes each way.  Once the participant 






3.1.2 Risk  
The risk of driving a vehicle on a highway is a common risk that is already present. The 
familiarity with the vehicle was something that each participant may have experienced 
differently. To help with this convertibility, the participant was able to drive around the local 
area to make sure he/she feels comfortable driving this vehicle before driving to the test site. 
3.1.3 Deception Justification 
Deception was used when describing the purpose of the study to the participants.  The study was 
described without mentioning the words “work zones.”  We did not want to have the participants 
drive differently because they know we were focusing on work zones which might bias our 
study.  We told the participants that the study was focusing on the “Calibration of 
Microsimulation Parameters for Freeway Modeling” and our vehicle was recording information 
of the vehicles around the test vehicle. 
3.1.4 Potential benefits  
There was no direct benefit to the participant.  
3.1.5 Provisions to protect the privacy interests of participants 
The participant’s names was not recorded during the study and all information provided in the 
questionnaire were confidential to the study.  Each participant was provided an ID number 
whichserved as his or her identification.  This numberconsisted of three numbers starting from 
100 and increasing by 1 (101, 102, 103, etc.).  This ID number served in place of the participants 
name when answering the questionnaire and on the day of the vehicle test.  If the participant in 
anyway felt uncomfortable driving the vehicle or completing the study the participant had the 






3.1.6 Provisions to maintain the confidentiality of data 
The Survey Monkey site collected the names of the participants selected at random for this study.  
This list of the ID number and Names stayed separate from the data collection database that was 
encrypted on a secure government server with access to only approved investigators of this 
study.  
3.1.7 Medical care and compensation for injury 
If there is any sort of injury the participant was covered by the government since this was official 
government work during participants work hours.  
3.1.8 Process to document consent in writing 
Each participant was given a copy of the consent documentation prior to the start of the study.  If 
the participant had any questions, the experimenter was able to address any concerns.  No 
signatures were required for the consent documentation.   
3.2 Survey Technique 
A questionnaire was developed to be aimed at travelers who have driven through a freeway work 
zone.  Due to the location of the United States Department of Transportation headquarters office, 
most of the commuters have their origins and destinations in and around Washington D.C. metro 
area.  Most of these participants for the in-vehicle test reside in Washington D.C., Maryland and 
Virginia.  It was decided that the questionnaire would also be released through social media to 
capture some anonymous respondents from other regions.  






 Demographic characteristics of the respondents:  These characteristics which included 
age, education, and location characteristics to enable analysis of the different perceptions 
of commuters belonging to different demographic and socio-economic groups. 
 Trip characteristics of the respondents:  These characteristics included the freeway used, 
the trip purpose, the number of weekly trips, familiarity of the traveler with the network, 
and other characteristics for the most frequent trips undertaken. 
 Work zone characteristics:  This set of questions was needed to analyze the behavior of 
the commuters as they drove through work zones.  The aim of these questions was to 
know if the work zones made it more difficult to commute through the freeway roads. 
The questionnaire was tailored to align with the objectives of this study.  However, it was also 
essential to make sure that the questions would not be deemed invasive by the respondents.  The 
number of questions asked to the respondents needed to be kept under a reasonable limit.  Also, 
depending on the characteristics and responses from the respondent, specific questions could be 
skipped which would reduce the amount of questions asked.  Each draft was revised multiple 
times.  Furthermore, the researchers secured approval from the UCF Institutional Review Board 
(IRB). The IRB approval letters for the questionnaire are located in APPENDIX B.  
The list of questions asked in the questionnaire broken down by category is shown in Table 8. A 
complete questionnaire is provided in APPENDIX A.  The questionnaire contained 29 questions 
on the whole.  However, depending on the branches in the survey, the respondent would have to 
answer a lesser number of questions.  The survey included one filtering question that excluded 






random participants. This survey was provided to the participant after they have completed the 
in-vehicle experiment.  







Q1 Do you own a vehicle 2 Filtering 
Question 
Q2 A freeway is defined as "a major divided highway 
designed for high-speed travel, having no 
intersections."  An example of a freeway is seen in the 
picture above.  While driving on a freeway within the 
past 6 months, did you experience any road 
construction on your most frequent trip? 
2 Filtering 
Question 
Q3 What kind of vehicle do you drive? 6 Demographic 









Q6 What is your gender? 2 Demographic 
Q7 Which category below includes your age? 7 Demographic 
Q8 What is the highest level of education you have 
completed? 
6 Demographic 




Q10 How long have you lived at your current residence? 5 Demographic 
Q11 How long have you resided in the city you live in? 
(i.e., you may have moved to your current residence 
but used to live in the same city before moving to your 
current address.) 
5 Demographic 
Q12 What is your primary mode of transportation to work? 5 Trip 
Q13 A freeway is defined as "a major divided highway 
designed for high-speed travel, having no 
intersections."  An example of a freeway is seen in the 
picture above.  In the past month, have you driven on a 
freeway (e.g., I-95, I-66, etc.)? 
2 Freeway 
Behavior 
Q14 How many one way trips do you make on your most 
traveled freeway (e.g., I-95, I-66, etc.) 
4 Freeway 
Behavior 
Q15 What is the main purpose of your most frequent trips, 














Q16 An example of a freeway is seen in the picture above.  




Q17 While driving on a freeway at 55mph, how many car 




Q18 For your most frequent trip, how long did it take for 
you to feel comfortable driving through the work 
zone? 
5 Work Zone 
Behavior 
Q19 What most accurately describes your change when 
driving behind a car through a work zone compared to 
driving behind a car through a non-work zone on the 
freeway? (Only Select One) 
3 Work Zone 
Behavior 
Q20 Pictured above is an example of a freeway work zone.  
How comfortable do you feel when driving through a 
freeway work zone? 
5 Work Zone 
Behavior 
Q21 While driving on a freeway, you enter a work zone, as 
pictured above. How comfortable do you feel driving 
next to construction cones? 
5 Work Zone 
Behavior 
Q22 While driving on a freeway, you enter a work zone, as 
pictured above. How comfortable do you feel when 
driving next to construction barrels? 
5 Work Zone 
Behavior 
Q23 While driving on a freeway, you enter a work zone, as 
pictured above. How comfortable do you feel when 
driving next to concrete barrier? 
5 Work Zone 
Behavior 
Q24 Rank the following road side devices in order based on 
what you feel more comfortable driving next to in a 
work zone with 1 being most comfortable and 3 least 
comfortable. 
3 Work Zone 
Behavior 
Q25 While driving on a freeway, you enter a work zone, as 
pictured below. How comfortable do you feel when 
driving through a work zone with temporary solid 
white lines in place to increase driver awareness of 
lane shifting? 
5 Work Zone 
Behavior 
Q26 While driving in a Freeway Work Zone at 55mph, how 
many car lengths do you usually keep between you 
and the vehicle ahead? 
4 Work Zone 
Behavior 
Q27 Rank the lanes in the order you feel more comfortable 
driving through a work zone with 1 being most 
comfortable and 5 least comfortable. 
5 Work Zone 
Behavior 
Q28 While driving on a Freeway in the lane #1 you enter 
into a work zone, as pictured below. This work zone 
has a concrete barrier located along the left edge of 
your lane as shown in the picture. What do you do? 













Q29 While driving in the center lane through a work zone, 
as pictured below, you encounter slower traffic in your 
lane compared to other lanes. The lane to your left is 
moving faster to your left for you to change lanes. 
What do you normally do? 
3 Work Zone 
Behavior 
 
3.3 Nationwide Work Zone Survey 
3.3.1 Survey Background 
A nationwide survey was collected on-line through Survey Monkey during the months of 
September 2012 and November 2012. The survey was posted in Facebook groups, LinkedIn 
groups, and sent out by email asking for volunteers to take the survey.   
 
Figure 17: Respondents from around the country grouped by county 
The response rate through social media is shown by county of participant in Figure 17. Having 






or social media networks in a fast rate. This gathered a high rate of volunteers once the link to 
the survey was posted.  For Facebook users, the survey went viral by means of posting on 
everyone’s news feed and this was effective in recruiting lot of respondents at a relatively quick 
time. Several users promoted the survey within their network by sharing the link on their profile.  
For LinkedIn users, the survey was posted in several groups on the discussion boards in order to 
reach out to a more diverse group across the county. LinkedIn did not show as quick of a 
response rate as Facebook but demonstrated more of a longer lasting response rate whereas there 
was a constant rate of a few volunteers per day.  Facebook, more of a social network, was shown 
to have more of “viral” type curiosity. LinkedIn, being more of a professional networking, is 
shown to have more of an “interested” type curiosity. 
There were 932 participants that attempted to take they survey which was set up through survey 
monkey. There were two filter questions at the beginning of the survey; (1) Do you own a 
vehicle, and (2) While driving on a freeway within the past 6 months, did you experience any 
road construction on your most frequent trip.  If the respondent answers “no” for either of these 
two questions the survey was ended. The number of people that completed the survey was 723 
participants which is a 78% response rate.   
3.3.2 Demographics of Survey 
The variables taken from the survey corresponding to driving experience and demographic 







Table 9: Driving Behavior Related Variable Distribution 
Sample 
attributes 
Response levels Frequency % (N=723) 














Gender male/female 63.62%/36.38% 
Education high school/college/advanced degree 1.79%/50.34%/47.86% 
Residence <6 months/6-12 months/ 1-5 years/5-10 years/>10 years 
16.46%/9.27%/33.20%/16.74%/24.3
4% 
Trips per week <1/1-5/6-10/>10 25.86%/39.56%/19.06%/15.49% 




These variables give a better understanding about the background of the 723 drivers surveyed 
across the nation.  Variables corresponding to driving experience are considered to be an 
important indicator when studying driving behavior in work zones. For instance, participants 
who reported to drive more than 9,000 miles in a year are expected to feel comfortable driving 
on freeways. Likewise, drivers who have lived for more than a year at their residence, or drive 
more than one trip per week are believed to encounter work zone on freeways frequently. In 
addition to this, demographic variables will help identify driving behavior specific to driver 
characteristics. 
As can be seen in Table 9, participants reported using a passenger car as their primary vehicle. 
Although sport-utility vehicles, pickup, mini-van and motorcycles were also present in a smaller 
percentage, passenger car was used for 65% of the respondents. Also, on average, drivers who 
participated in the survey have 19 years of driving experience. Although age was also considered 
in the survey, driving experience was selected as a replacement. Annual mileage is expected to 






respondents indicated to drive about 9,000 to 12,000 miles every year. One third of the 
participants stated that they have lived in their current residence for 1-5 years. One to five one-
way trips per week is the most frequent trip for about 40% of the respondents. For half of the 
drivers surveyed (51%) commuting to work is the main purpose of their trip. 
Demographic information indicate that the majority of the respondents were male (64%) 
compared to (36%) female respondents.  Half of the drivers in the survey attended college (may 
or may not have completed education). The other half pursued advanced college education (may 
or may not have a degree).  
3.3.3 Comfort levels of driver behavior  
In this survey, there were a few questions that asked the driver about their comfort level during 
different situations on the freeway. These questions are presented in Table 10 and are used to 
determine how drivers felt. Specifically, question 16 asked drivers what their comfort level is 
when driving on a freeway and question 20 asked drivers what their comfort level is when 
driving through a freeway work zone.   
Table 10: Satisfaction Related Variable Distribution (N=723) 
Sample attributes Very Comfortable Comfortable 
Not 
Comfortable 
Driving on freeways (Q.16) 493 68.19% 191 26.42% 39 5.39% 
Driving on freeway work zone (Q.20) 167 23.10% 338 46.75% 218 30.16% 
Driving next to construction cones (Q.21) 232 32.09% 332 45.92% 159 21.99% 
Driving next to construction barrels (Q.22) 213 29.46% 328 45.37% 182 25.18% 
Driving next to construction temporary concrete barrier (Q.23) 121 16.74% 285 39.42% 317 43.84% 
Driving next to temporary solid lines (Q.25) 238 32.92% 335 46.33% 150 20.75% 
 
For question 16 which refers to driving under normal freeway conditions, 68% reported being 






roughly 95% of drivers are generally fine with driving on a freeway.  For question 20 which 
refers to driving through a freeway work zone, 23% reported feeling very comfortable, 47% 
feeling comfortable and 30% not comfortable.  This shows that roughly 70% of drivers are 
generally fine with driving in a freeway work zone.   
As drivers’ enter a work zone, there is a shift in comfort level compared to non-work zones. This 
is shown as a 45% decrease of the very comfortable drivers towards comfortable and not 
comfortable.  The level at which drivers are not comfortable increased by 25% in a work zone.  
This shows that not all drivers maintain their same comfort level when driving in a non-work 
zone and work zone condition with drivers’ having a negative sift in their comfort level.  
Drivers were also asked about their comfort level when driving next to a construction cone, 
construction barrel, temporary concrete barrier, and temporary solid lines. The comfort levels 
were very similar for cones and barrels compared to temporary concrete barriers. Drivers 
reported 32% and 29% very comfortable and reported about 45% comfortable for cones and 
barrels respectively.  
3.3.4 Comfort level of Freeway behavior and Work Zone questions   
Findings on driver behavior when comparing comfort driving on freeways (question 16) versus 
driving through a work zone are presented in Table 11. The answers of the participants to 
question 16 about how comfortable they feel when driving on freeways, served as the reference 
point in the analysis. In this manner, it is possible to observe how drastic or minor the change in 
comfort was when driving in a work zone.  Although level of comfort may be a subjective 
variable, it represents a strong qualitative tool to analyze driving behavior. Its inclusion in this 






Table 11: Driving on Freeway Comfort Level 
Driving on Freeways (Q.16) Very Comfortable Somewhat Comfortable Not Comfortable Total 
Work Zone 
(Q.20) 
More comfortable 0 0.00% 7 3.66% 3 7.69% 10 1.38% 
No change 160 32.45% 88 46.07% 36 92.31% 284 39.28% 




More comfortable 0 0.00% 16 8.38% 13 33.33% 29 4.01% 
No change 215 43.61% 104 54.45% 26 66.67% 345 47.72% 
Less comfortable 278 56.39% 71 37.17% 0 0.00% 349 48.27% 
Construction Barrels 
(Q.22) 
More comfortable 0 0.00% 11 5.76% 9 23.08% 20 2.77% 
No change 201 40.77% 101 52.88% 30 76.92% 332 45.92% 




More comfortable 0 0.00% 11 5.76% 4 10.26% 15 2.08% 
No change 110 22.31% 61 31.94% 35 89.74% 206 28.49% 
Less comfortable 383 77.69% 119 62.30% 0 0.00% 502 69.43% 
Temporary Solid White 
Lines 
(Q.25) 
More comfortable 0 0.00% 25 13.09% 17 43.59% 42 5.81% 
No change 210 42.60% 97 50.79% 22 56.41% 329 45.51% 
Less comfortable 283 57.40% 69 36.13% 0 0.00% 352 48.68% 
Total 
 
493 191 39 723 100.00% 
 
As presented before in Table 10, out of the 723 participants, 493 feel very comfortable driving 
on freeways, 191 feel somewhat comfortable and 39 who are not comfortable driving.  Table 11 
presents the percentage in change among each of the three categories versus work zone freeways 
and work zone devices.  From the 68% drivers reported in Table 10 to feel very comfortable 
driving on a freeway, only about a third maintains the same comfort level in a work zone.  On 
the contrary, 68% of these confident freeway drivers experience a discomfort when driving on a 
freeway work zone.  The same outcome is observed in drivers who are somewhat comfortable 
driving on freeways.  When they have to drive through a work zone, they also feel less 
comfortable.  For “not comfortable drivers” there is no change in discomfort.  The majority of 
“not comfortable” group (92%) feels the same discomfort driving on freeways with or without 
work zones.  However, this classification of drivers only represents about 5% of the total sample 






zone concludes an overall discomfort reported by most of the participants.  Overall, 59% of all 
drivers who completed the survey feel less comfortable driving in work zones.  
The next portion of Table 11 compares traffic devices use to make drivers aware of a work zone.  
It is of interest to capture the drivers’ perception of work zone devices and their influence on 
driving behavior.  Understanding drivers’ acceptance of road devices such as, construction 
cones, barrels, concrete barriers, and solid lines is a key safety factor to realize their willingness 
to comply with driving rules in a work zone.  The changes in comfort are captured based on the 
confidence of the driver when driving on a freeway (question 16). 
Across the “very comfortable” group, 56% of freeway drivers experience a discomfort when 
driving next to construction cones.  Even for the 67% of “not comfortable” freeway drivers who 
do not alter their discomfort level, having no change still reflects feeling not comfortable with 
construction cones.  For 54% of “somewhat comfortable” freeway drivers, construction cones do 
not change their level of comfort.  Only for 37% of them, construction cones influence their 
behavior to feel less comfortable.  In general, nearly half of the drivers (47.7%) kept the same 
behavior and the other half (48.2%) felt less comfortable.  This suggests there is not a noticeable 
change in comfort when driving next to cones.  
Construction barrels have the same effect on every category of comfort analyzed.  The majority 
of “very comfortable drivers” changed to less comfortable (59%).  Most of the “Not 
comfortable” freeway drivers kept the same level of discomfort (77%).  Half of “somewhat 
comfortable” freeway drivers feel the same comfort level when driving next to barrels (53%).  
Overall, more than half of the participants tend to change their current comfort level and 






Temporary Concrete barriers have the biggest shift across all comfort categories on freeways.  
About 78% and 62% of “Very comfortable” and “somewhat comfortable” freeway drivers 
accordingly, changed their preference to less comfortable.  Not feeling comfortable with 
temporary barriers is a common feeling across all 723 drivers.  About 70% of all drivers reported 
changing their inclination to less comfortable if driving next to a temporary concrete barrier.   
Temporary white solid lines in work zones increase driver awareness of lane shifting.  Drivers 
reported to be less intimidated by their presence in a work zone.  Similar results were obtained 
for comfort with white solid lines as for construction cones and barrels.  More than half of 
drivers (57%) in the “very comfortable” category feel uncomfortable with solid lines.  Half of the 
“somewhat comfortable” freeway drivers do not change their comfort level. Drivers “not 
comfortable” driving on freeways do not alter their discomfort level as also experienced when 
driving next to cones and barrels.  The only difference is that less than a half (44%) of the 
freeway drivers in the “not comfortable” category, indicated feeling more comfortable with 
white solid lines.  This interpretation suggests that delineating lanes may encourage insecure 
drivers to feel more confident when driving on freeways.  
Interestingly, when the different devices are compared, solid lines and construction cones are 
perceived as less intimidating than barrels or concrete barriers.  Drivers found temporary 
concrete barriers the most frightening out of the four as indicated by 69% of the drivers who feel 
less comfortable when concrete barriers are present in a work zone.  Construction barrels range 
in between cones and concrete barriers.  About half of the drivers stated feeling less comfortable 






One of the advantages of categorizing freeway drivers based on their comfort levels when 
driving on freeways is that their sensitivity can be observed.  For example, confident freeway 
drivers are more sensitive to change their preference when a new scenario was presented.  They 
were more susceptible to be less comfortable in all work zone scenarios presented.  For drivers 
who described feeling somewhat comfortable on freeways, it is more difficult to see an obvious 
trend.  This category sometimes maintained the same level of comfort or changed to less 
comfort.  As for the small percentage of drivers not feeling comfortable when driving, their 
discomfort predisposition was maintained in all cases. 
3.3.5 Freeway spacing compared to Work Zone spacing 
This research intends to comprehend the adaption of drivers to slow traffic in work zones.  The 
gap maintained when following the car in front is a safety measure that can identify risks of 
collision.  Stop-and-go scenarios are common in work zones and represent a challenge to drivers.  
Car-following behavior in congested scenarios requires adjusting speed constantly and keeping a 
safe distance.  Spacing in terms of car-length is a variable present in the survey and can be used 
in this study as a quantitative measure of safe car-following.  
In order to find differences in driving behavior in terms of spacing, three different comparisons 
were performed.  The first scenario presented in Table 12 analyzes the “revealed” spacing of 
drivers.  This means that this comparison identifies the spacing drivers are comfortable to use.  
The second case study shown in Table 13 is named “stated” spacing.  This scenario represents 
the driver’s perception of ideal following approach in a work zone.  The last comparison 
presented in Table 14 describes the real actions of the driver in a work zone.  This analysis gives 






Table 12: Revealed Freeway Spacing vs. Work Zone 









73 61.86% 110 34.92% 32 15.02% 0 0.00% 215 29.74% 
No change 45 38.14% 198 62.86% 148 69.48% 54 70.13% 445 61.55% 
Less 
spacing 
0 0.00% 7 2.22% 33 15.34% 23 29.87% 63 8.67% 
Total 
 
118 315 213 77 723 100.00% 
 
The change in spacing kept by drivers on a freeway (question 17) versus a work zone (question 
26) is presented in Table 12.  Out of the 723 respondents, 44% indicated to keep two-car length 
spacing when driving on freeways.  When they were asked how many car-lengths they will keep 
in a work zone, 63% specified they will maintain the same distance.  About one-third responded 
they would increase the gap to three or four car-length in a work zone.  The 30% of participants 
who answered to keep three- car length, about 70% would keep the same distance in a work 
zone.  The other 30% will equally split between giving more spacing or reducing their gap. Most 
of the drivers with a more aggressive approach, that is, drivers who give one-car length when 
following the front vehicle, would increase their gap.  Out of all participants, 16% stated one-car 
length as their following gap on freeways.  About 62% of them would increase their gap, 
whereas, the rest (38%) would maintain same one-car length.  Increasing the gap was only 
observed among driver under the category of “one-car length.”  A common observation among 
all drivers is that they keep same following distance regardless of being in a work zone.  It seems 
that most of the drivers, unconsciously disclosed not to take more caution on work zones as it 












Two Car Length 










84 71.19% 191 60.63% 131 61.50% 47 61.04% 453 62.65% 
No difference 22 18.64% 66 20.95% 43 20.19% 17 22.08% 148 20.47% 
Follow more 
closely 
12 10.17% 58 18.41% 39 18.31% 13 16.88% 122 16.87% 
Total 
 




The results of comparing the spacing left on a freeway (question 17) versus driving behavior in a 
work zone (question 19) is shown in Table 13.  The ideal behavior in work zones according to 
63% of the participants is to allow more spacing.  This is a common denominator to all car-
spacing classifications.  Seventy percent of drivers in the one-car length spacing would allow 
more spacing.  The same behavior is stated by 60% of the drivers who keep two, three and four-
car length gap on a freeway.  As expected, drivers do understand that allowing more space is 
ideally preferred in a work zone scenario.  
Table 14: Actual Behavior in Work Zone 















24 44.44% 171 56.44% 188 68.61% 70 76.09% 453 62.66% 
No difference 16 29.63% 62 20.46% 53 19.34% 17 18.48% 148 20.47% 
Follow more 
closely 
14 25.93% 70 23.10% 33 12.04% 5 5.43% 122 16.87% 
Total 
 




As can be observed in Table 13, driver behavior is analyzed by comparing spacing kept in a 
work zone (question 26) and driving behavior in a work zone (question 19).  Almost two thirds 
of all drivers (63%) described to change their driving behavior to allow more space in front in a 






participants.  The choice less preferred is to follow more closely in a work zone.  Only 16% of 
drivers will select this option based on following distance in a work zone.  
In this case scenario “To allow more space for the car in front than usual” was tested to see how 
effective it is in a work zone.  This statement was preferred by drivers who like to follow close, 
as well as, for drivers who keep medium or large gap in a wok zone.  The major finding of this 
analysis is that drivers who keep two or three car-length in spacing and responded increasing 
their distance, failed to do so.  Most of the two-car length freeway drivers (Table 11 or Table 12) 
did not shift to three-car length on a work zone (Table 14).  Neither the majority of three-car 
length freeway drivers did.  Instead, the majority of the respondents still keep two-car length in a 
work zone (42%).  In comparison, only 38% of drivers selected three-car gap and 13% chose 
four-car gap in a work zone.  If the “allow more space” statement were true, the percentage of 
three and four majority would have increased significantly.  On the other hand, most of one-car 
followers did allow more spacing.  They changed their behavior in a work zone since the number 
of one-car length freeway drivers dropped from 118 to 54.  Although the expectation of changing 
behavior in work zones is known by all drivers, it is not usually implemented.  This result 
supports the findings in the “revealed” spacing scenario previously shown in Table 12. 
3.3.6 Results of National Survey 
This survey is a resourceful tool for analyzing how motorist alter their driving behavior in work 
zones compared to normal freeway conditions.  Driving maneuvers, such as lane changing, are 
usually restricted in congested traffic.  Because of this, car-following behavior provides evidence 






It is believed that car-following behavior is influenced by the level of comfort when driving, 
especially in work zones.  Results from this analysis indicate that most drivers are not 
comfortable when driving through a work zone.  It can be concluded that constant awareness and 
driving measures to ensure safe following depends on level of comfort with slower traffic 
conditions, reduced speed limits, and traffic control devices.  In addition, when taking into 
consideration comfort level, spacing gap is expected to differ from ideal behavior.  As found in 
this study, human perception on how to interact with other vehicles in a work zone is different 
from the actions actually taken.  Further analysis should look into actions taken by drivers in 
work zones influenced not only by comfort, but also, by driver confusion, frustration, and 
aggressiveness. 
Capturing changes in behavior of drivers that remain in the same lane is crucial in modeling 
highway through output and capacity in work zones.  This survey is the first questionnaire that 
looks into driving behavior based on car-following and comfort level.  This represents an 
opportunity to improve calibration parameters of simulated congested traffic scenarios, 
particularly, work zones.  The inclusion of driving behavior to manage minimal gaps in traffic, 
long queues, and delays are essential when developing strategies for optimizing system 







CHAPTER FOUR: EXPERIMENTAL FRAMEWORK 
4.1 Research Objective 
The objective of this chapter is to develop an experimental framework for calibrating a psycho-
physical.  Since data will be collected from real world experiments where car-following behavior 
originates from different drivers, this will capture the diverse behavior that occurs in work zones.  
And in turn, this can be used to calibrate the car-following threshold parameters for traffic 
simulation models needed to simulate work zone capacity with high accuracy.  The building of 
such experiment is described in the following section. 
4.2 Hypothesis 
The hypothesis for this dissertation is that drivers change their normal driving behavior and 
perform differently in work zones than in normal freeway conditions.  Focusing on the 
Wiedemann car-following algorithm for modeling and simulation, this change in driver behavior 
from a normal freeway segment to a freeway with a work zone segment are not captured in this 
algorithm.  Developing specific threshold values for a new psycho-psychical modeling 
framework specific for work zones will help in accurately predicting work zone breakdown and 
model throughput.  It will also provide calibration parameters to enhance building of new 
futuristic traffic simulation models, which can be used to forecast the impact work zone design 
has on capacity.   
4.3 Design and Instrumentation of Vehicle 
With the purpose of collecting and analyzing driver-specific behaviors, the idea of equipping a 






following as it relates to driver behavior in a work zone, an instrumented research vehicle would 
need to be equipped with the appropriate equipment in order to capture this phenomena.  
 
 
Figure 18: Jeep Grand Cherokee Test Vehicle 
A 2007 Jeep Grand Cherokee was used as the test vehicle that would be instrumented for this 
research as shown in Figure 18.  This Jeep is one of the Instrumented Research Vehicles (IRV) 
currently being used in the Saxton Transportation Operation Laboratory (STOL) at TFHRC.  The 
first task was to design a new power system specifically to support all of the on board equipment 
needed for this dissertation.  A separate battery and power system was designed and installed in 
the trunk of the vehicle.  This power system used for the sensor equipment needed to be separate 
from the vehicle electrical system.  A battery isolator was used to provide this separation while 
allowing the alternator to charge both batteries.  This design kept the power for the on board 








Figure 19: Equipment Power System 
The second battery in the rear of the Jeep was connected to an inverter which converts the direct 
current (DC) to alternating current (AC).  One of the goals in this design was to create a system 
that would power all the equipment while the engine is off using an alternating current (AC) 
source.  A universal power supply (UPS) was installed to power the AC devices along with an 
AC to DC converter to power the sensors.  This UPS will keep the equipment powered when the 
engine is shut off and allow the system to stay online as the UPS is connected to any AC power 
source outlet in the lab.  This will support the testing of the vehicle equipment in the lab prior to 
field test without having to rely on the vehicle battery.  The electrical design described above is 








Figure 20: Vehicle Electrical Diagram 
In order to collect and analyze driver-specific behavior, the gaps and unconscious speed 
oscillations of various drivers is recorded.  This is hypothesized to relate driver behavior in a 
work zone.  The IRV onboard equipment includes: (1) two universal medium range radars 
(UMRR) that collect relative velocity and position of objects/vehicles in front and rear every 40 
milliseconds (ms), (2) a speed sensor that provides speed data through built-in algorithms using 
the GPS at 10Hz, (3) a video recording system at 30 frames per second, and (4) a computer for 
the overall data acquisition. The Radar equipment will be used to measure relative distances for 
both the front and rear vehicles in real-time with different drivers. The list of equipment is shown 






Table 15: Vehicle Equipment Specifications 
Item List of Specs Purpose 
 
Type 30 Universal 
Medium Range Radar 
 
 
Frequency band 24 GHZ 
Angle Interval (El.) +-8 degree  
Angle Interval (Az.) +-35 degree 
Max Range on Pedestrian 40m 
Max Range on Car 90m 
Range accuracy +-2.5m  
Update time <=50ms 
 
(SmartMicro, 2012) 
This device will be used to track 
vehicles that the instrument 
vehicle is following. This device 
is connected via CAN and uses 
the Drive Recorder software as the 
data acquisition tool. 
 
Type 29 Universal 




Frequency band 24 GHZ 
Angle Interval (El.) +-6 degree  
Angle Interval (Az.) +-18 degree 
Max Range on Pedestrian 50m 
Max Range on Car 160m 
Range accuracy +-2.5m  
Update time <=50ms  
 
(SmartMicro, 2012) 
This device will be used to track 
vehicles that are following the 
instrument vehicle. This device is 
connected via CAN and uses the 
Drive Recorder software as the 
data acquisition tool. 
 
Dell OptiPlex  990 
 
 
Small form factor 
Core i5-2400, 3.1GHz, 6M, VT-x, 95W 
16GB,Non-ECC,1333MHz DDR3,4x4GB 
2 x 500GB 2.5, SATA 3.0Gb/s, RAID 1 
Windows 7 Professional, No Media, 64-bit, 
with XP Mode 
DVD-ROM 
Energy Star 5.0  
 
(Dell, 2012) 
This is the computer that will 
store and record all the data from 
the devices in the vehicle. This 
device will need to be anchored to 
suspended aluminum plate 
mounted on fluid spacers to help 
reduce the vibrations from the 






MPEG4 encoding  
2 camera inputs with configurable picture 
in picture  
Built in 10Hz GPS engine  
Micro SD/SDHC Card Slot 
RS232 Custom Streams 
USB connection 
Remote Pause/Play recording capability 
USB to PC connection 
30 fps video recording 
32 CAN channel recording 
GPS antenna  
(RaceLogic, 2012) 
This video acquisition system 
includes four cameras; two 
forward facing and two rear facing 
cameras. This system is logs the 
videos with data on the CAN 
network. These cameras will be 
used to watch the vehicle behavior 
around the instrumented vehicle 
and to record the classification of 






Item List of Specs Purpose 
 
VBOX Speed Sensor 
 
 
Built in 10Hz GPS engine  
GPS antenna 
RS232 Serial Output of NMEA  
Output –  Position, Velocity, Distance, 
Time, Heading, Height, Vertical Velocity, 
Longitudinal and Lateral Acceleration 
Work with the MAX Geo Software 
Send data via. CANbus connection  
 
(Racelogic, 2012) 
This device will be recording the 
velocity of the vehicle and GPS 
data in NMEA format at 10hz. A 
GPS antenna will need to be 
installed on the roof of the 
vehicle. This device will be 







Active card with its own microcontroller 
1 CAN bus channel 
Standard design with CAN high-speed 
transceiver 
Product variant CANusb-CAR available 
with an additional integrated CAN low-
speed transceiver, can be switched via 
software 
Local buffering and preprocessing 
High performance, reduces the number of 
time-critical tasks the PC has 
 
 (Softing, 2012) 
This device is the communication 
medium for onboard CAN 
network and provides a data portal 









Figure 21: In-Vehicle Equipment Diagram 
The design for all equipment components in this instrumented vehicle had to be coordinated very 
carefully.  Every piece or component of equipment has specific data outputs and power needs 
that was taken into consideration.  The main objective was to connect all components of the 
equipment to the in-vehicle PC.  For this network, there are four main connections that are used 
in the design: Serial, Controller Area Network (CAN), Universal Serial Bus (USB), and 
Ethernet.  This setup of these protocols for in-vehicle equipment is shown in Figure 21.  For the 
VBOX Pro and VBSS, a dashed arrow is shown which indicates they use a different protocol for 








Figure 22: CAN Wire Design 
For the UMRR’s, VBSS and VBOX to work and log the data through the Driver Recorder 
software a custom wire harness had to be designed for this synchronization to occur, see Figure 
22.  Connecting all these devices to a single CAN network allows the drive recorder software to 









Figure 23: IRV In-Vehicle Equipment Diagram 
One of the main objectives in this IRVs design was to include sensors and cameras that will not 
cause any suspicion from other drivers.  The IRV includes: (1) a forward radar with two forward 
facing cameras and (2) a rear radar with two rear facing cameras, see Figure 23.  Concealing 
these devices was a challenging task.  The Type 30 UMRR was installed on the front bumper and 
is extending through the front bumper as shown in Figure 24.  The front radar provides ±35 
degree angle of view with a 90 meter range (SmartMicro, 2012) and is mounted on an adjustable 









Figure 24: Front Sensor Install (Exposed) 
The Type 29 UMRR was installed in the rear bumper and has a ±18 degree angle of view with a 
160 meter range (SmartMicro, 2012), shown in Figure 25.  The specifications for the UMRR’s 
stated that these radars will perform behind the plastic bumper of a vehicle.  The option of 
concealing this radar was decided.    
  






The four cameras that were installed in the vehicle are set up with two forward facing cameras 
and two rear facing cameras to provide a panoramic view of the vehicle in front and behind the 
instrumented vehicle.  These cameras were installed not to create any obstructed views to the 
driver as shown in Figure 26.  
  
Figure 26: Front and Rear Cameras 
The final installation of the equipment in the instrumented vehicle is clean and hidden from the 
view of the driver as shown in Figure 27.  The monitor that is shown in this figure is removed 







Figure 27: Final installation of Equipment 
4.4 Data Acquisition 
There are two separate data acquisition systems in the vehicle:  one for video and one for radar. 
The forward- and rear-facing video cameras located in the interior of the vehicle are logged 
continuously.  This video data is connected to the vehicle CAN network which is linked to the 
speed sensor.  The camera system is set up to log the GPS data through the CAN network.  This 
allows the video data to be logged with the same time reference point as the onboard software 
which logs the data from the radars.  This reference point is “time since midnight.” 
The onboard software is designed to log data from the front and rear UMRRs and the speed 
sensor GPS data.  The onboard software comes with a customizable graphical user interface 
(GUI) which visualizes the data.  The customized GUI, shown in Figure 28, displays the object 
tracking data being logged in real-time on the left, the speed sensor data is imported and shown 









Figure 28: IRV Onboard Software GUI (SmartMicro, 2014) 
This software logs and filters objects that are identified by the radar into different object 
classifications.  The objects are recorded in Cartesian coordinates which provides the relative 
position from the IRV.   
The velocity box (VBOX Pro) video acquisition system is designed to log the forward facing and 
rear facing video cameras located in the interior of the vehicle.  This video data is connected to 
the vehicle CAN network which is linked to the velocity box speed sensor (VBSS).  The VBOX 






video to be logged with the “time since midnight” reference from the VBSS in order to pair the 
video data with the radar data.  The VBOX Pro comes with circuit tools software which is used 
to analyze the video data, shown in Figure 29.  This software is designed for the race industry 
where speed, acceleration, and deceleration (shown in the lower left corner), gravity forces 
(shown in the upper right corner), racetrack coordinates (shown in the lower right corner) etc. are 
logged along with video data over time.  The four camera views (shown in the upper left corner) 
are logged with the two forward facing and the two rear facing cameras.  One of the features that 
is unique in this software is the ability to upload any *.kml file from Google earth.  This will 
allow the route in Figure 29 to act as a lap and allow for side by side comparison of driver 










Figure 29: Circuit Tools GUI 
The Drive Recorder 3 (DR3) software is designed to connect and log data form the front and rear 
UMRR’s and the VBSS GPS system.  The graphical user interface (GUI) for the DR3 is shown 
in Figure 29. The GUI is comprised of radar and racelogic data (shown in the upper left), CAN 
messages and object tracking (shown in the lower left), and the tracking view which shows the 
objects (shown on the right).  This software is designed to interoperate and filter the noise of the 
radar data.  The objects that are identified by the radars are classified into several different object 
classifications by number and color, shown in the target view window on the right.  The objects 






example, the tracking of these objects is only logged for the object class #3 (rear vehicle; color 
teal) and object class # 9 (front vehicle; color green).  The spreadsheet at the bottom of the 
screen shows the data being logged for the Object 0 and 1 which are the two forward vehicles in 
that are in view. 
 
 
Figure 30: IRV Onboard Software GUI (SmartMicro, 2013) 
The distance of these two object classes (X,Y), speed (X,Y) and acceleration are logged. Other 
objects that the radars identify are shown in the target viewer as circles which are not logged but 






vehicle are representing the radar but are not drawn to scale for the actual distances the radar can 
view.  
 
Figure 31: DR3 Target Top View 
The VBSS is capable of showing the curvature of the road through the GPS coordinates as 






calculates “radius of turn.”  This will assist in calculating the distance between vehicles on road 
curvatures.  
    
Figure 32: DR3 Target Rear View with Road Curvature 
To see an example of the vehicles in the front of the instrumented vehicle being identified by the 
radar from the passenger’s perspective, refer to Figure 33. This shows vehicle #1 further up in 
the right lane and vehicle #2 closer in the left lane. The green boxes on the screen show the 
relative location of these two vehicles.  This laptop shown in this Figure 33 was not present 







Figure 33: In-vehicle View of Forward Vehicle Tracking 
An example of the data collected from the UMRR and the speed sensor are compiled and shown 
in Table 16.  For example, the position for the object in sample data 1 is 15.456m in front and 
1.264m to the right from the center of the IRV.  Knowing the exact positions of the objects, the 
IRV can determine both velocity and the acceleration of objects in the x-direction.  The raw 
targets of the sensor are shown in the target viewer window as circles shown in Figure 33.  All of 
the CAN data is logged for future analysis.  The radars report the coordinates from the center of 
the radar for each object in view to provide the distance and the speed between the IRV and the 
forward vehicle.  Longitudinal acceleration is also reported to indicate whether or not the IRV is 
approaching the forward vehicle.  The speed sensor uses GPS and onboard algorithms to 
interpolate the speed and position data.  The ‘time since midnight’ is obtained from the GPS 
signal and is used to synchronize data being logged for the IRV.  The speed sensor records the 
speed, heading, latitude, and longitude of the vehicle at a rate of 10Hz.  An accurate 






squared divided by radius of turn, which provides the centripetal forces applied to the vehicle 
during left (negative) or right (positive) turns.  Longitudinal acceleration measures the 
acceleration applied to the vehicle during acceleration (positive) and breaking (negative).   
















Object ID 0 0 
Time [s] 00:33:50:560 00:33:50:686 
Object Number 1 1 
x_Point [m] 15.456 14.976 
y_Point [m] 1.264 0.832 
Speed_x [m/s] -0.2 0.2 
Speed_y[m/s] 0.7 -1.2 




















Speed [km/h] 88.50708 88.98859 
Heading [°] 137.01 137.08 
Latitude [°] 38.90401 38.904 
Longitude [°] 77.09206 77.09205 
Latitude Minutes 2334.241 2334.24 
Longitude Minutes 4625.525 4625.524 
Altitude [m] 15.75 15.93 








As this research focuses on the car-following, the data from the IRV will assist in the calibration 
of certain threshold values for car-following algorithms from different drivers.   
4.5 Design and Instrumentation of Roadside Equipment 
As the IRV collects the driver performance data, knowing the traffic data on the freeway during 






freeway are going to be significant variables that will affect how a driver follows the vehicle in 
front of them.  Knowing the speed and volume of the freeway during the experiment and being 
able to build a historical baseline of the freeway flow will show whether the speed and volume of 
traffic during the experiment are typical or not for that time and day.  The roadside equipment 
will also be able to record the traffic changes due to incidents, congestion, weather etc. inside the 
work zone.   
There are many different methods that traffic engineers use to collect traffic data.  Some of these 
methods have been around for many years which include; pneumatic road tubes, piezoelectric 
sensors and magnetic loops.  There are many other non-intrusive techniques that are based on 
remote observations that are being used more in the field today which include; manual counts, 
passive and active infra-red, passive magnetic, ultrasonic and passive acoustic, video image 
detection and microwave radar (Leduc, 2008).  
The concept of a Living Laboratory (LL) is an idea for conducting experiments in real-world 
environments.  In support of having a real-world environment for this dissertation, a system was 
designed to provide connectivity, interoperability, and data processing of the natural real life 
setting.  The data requirements needed to support this case study include collecting: volume, 
speed, occupancy, headway, travel time, and video data.   
The Connected Mobile Traffic Sensing (CMTS) system was designed to be mobile as work 
zones tend to change during the duration of the specific roadside project. The CMTS system is 
placed along the freeway in the LL to collect real-time operational performance data needed to 
conduct the study.  The CMTS system is equipped with batteries and solar panels which are used 






CMTS system include: onboard computer, cellular modem, network router, GPS, Bluetooth 
traffic sensors, Internet Protocol (IP) dome cameras, roadside unit (RSU), and microwave radar 
sensor.  For the purposes of this research, the equipment used specifically in this dissertation at 







 Table 17: Roadside Equipment Specs. 
Item List of Specs Purpose 
Solar Trailers T-25 
 
 
Height :26 ft 




 (T-25 Solar Trailer, 2011) 
Two solar trailers will need to be set up in 
the field to collect to collect traffic data. One 
trailer to be placed at the beginning of work 
zone and the other at the end of work zone. 
 
Cradle Point 400 
 
 
1 USB  
1 ExpressCard  
Technologies Supported: 2G, 
3G, and 4G  
WiFi Standard: 802.11 B, G, & 
N 
1 WAN/LAN port  
 
(CradlePoint, 2012) 
Router for stationary remote internet access 
and will allow for access to the RTMS from a 
local network. 




Service Provider: Verizon 
Wireless  
Bands: 850, 1900, 700 
Cellular Technology: CDMA 
1X, EV-DO, LTE  
802.11x: No  
Mac Compatible: No 
 
(Verizon, 2012) 
Modem used for internet connection with 




1GHz AMD G-T40N 64 bit dual 
core, 9W 
4Gb DDR3 1333MHz  
1000 BaseT Ethernet, 802.11 
b/g/n WIFI with 2 antennas 
Power: 7W-15W  
 
(CompuLab, 2012) 
The on board computer will store all the 
traffic data from the RTMS and support 
remote access to the equipment through the 




Radar Coverage up to 12 zones 
K band, G4 operates in the 24 
GHz band 
Operates on 12 - 24 VDC 
12W max with IP camera option  
 
(Econolite, 2012) 
Advanced sensor for the detection and 







To collect this traffic data the RTMS G4 sensor was selected and has a built in internet protocol 
(IP) camera to record video data of the freeway. This unit is placed on the road side and emits a 
microwave perpendicular across the lanes of the freeway as shown in Figure 34. The RTMS is 
designed to collect: (1) Speed, (2) Volume, (3) Lane Occupancy, and (4) Vehicle Classification. 
 
Figure 34: Visual display of RTMS capabilities (Econolite, 2012) 
The RTMS G4 has been tested alongside other manufactures and was rated the highest with a 
detection accuracy rate of 92.8% and a mean absolute percent error of 5.5% (Grone, 2012).  This 
supports the fact that the RTMS must be calibrated properly once it has been set up along the 
roadside to make sure that data will be collected accurately.  
The idea was to build two of these mobile trailers to be placed in the work zone. The design 
specifies that one trailer be placed upstream and one downstream of the traffic flow as shown in 














Figure 35: Typical RTMS Location for a Work Zone 
The design and development of the CMTS system allows the integration of state-of-the-art ITS 
technologies such as non-intrusive equipment. This supports the LL environment by providing 
the connectivity, interoperability, and data processing in a natural real life setting.  Site selection 
of the LL is dependent on research objectives and should be in coordination with local 
transportation authorities.   
4.6 Phase I Pilot Test 
A phase I pilot test was set up in this study in order to understand how the design of the 
experiment will work.  This pilot study recruited 10 participants from TFHRC who volunteered 
to take part in this study.  The goal of this pilot study was to run the experiment and collect data 
from the sensors in the vehicle.  The data that was collected consisted of video, radar, GPS, and 
speed data from the in-vehicle PC as described by Figure 21.  
4.6.1 Phase I Living Laboratory Location 
A relationship between Virginia Department of Transportation (VDOT) and Turner-Fairbank 
Highway Research Center (TFHRC) in McLean, VA was established to identify specific project 













duration of the project.  The work zone selected for this dissertation is located along western 
loop of US495 which is referred to as the beltway in the Washington, D.C. metro area.  The 
project is part of the new High Occupancy Tolling (HOT) lanes being constructed by VDOT. 
This project stretches from Springfield, VA on US495 to McLean, VA. The loop that 
participants will be driving is shown in Figure 36. The participants will exit TFHRC on to the 
George Washington Parkway southbound to I-395. This segment of the study will allow the 
participants enough time to adjust to the vehicle on the freeway. Next, the participant will merge 
onto I395 westbound towards Springfield. This segment of road is used to collect non work zone 
driving behavior. Once the driver approaches Springfield, VA the driver will merge onto I495 
northbound towards McLean, VA. This segment of highway will include the work zone and will 
be used to see how their performance changed compared to I-395. The driver will clear the work 







Figure 36: Map of Phase 1 Living Laboratory 
4.6.2 Phase I Driver Experiment 
The phase I study was conducted during July 16-26
th
 2012 at Turner-Fairbank Highway 
Research Center in McLean, VA.  This study ran seven subjects through the route loop described 
in Figure 36.  This pilot study focused on testing the equipment and understanding data output 
from the vehicle.  As expected, there were several technical issues with the equipment and only 
two complete sets of both video and radar data were collected out of the seven participants.  







The data being recorded from the vehicle equipment is very large because it is being recorded at 
a high resolution.  For example, the radar on the front of the vehicle sweeps an area with a 
horizontal angle of ±35º and vertical angle of ±8º with distance of 90 meters.  The DR3 software 
tracks each of the vehicles at a rate of 40ms which means every 0.1 seconds the radars sweeps 4 
times and records the data for all the objects in view.  This would equate to 40 data points of 
each object in view per second.  The speed sensor is only recording the speed and GPS 
information at 10hz which is equal to a record every 0.1 seconds or 10 points per second.  
Currently, the DR3 software is set up as an Automated Cruise Control (ACC) tool which logs the 
closest objects in the order from closest to furthest with an identification numbers 0 thru 27 
respectively.   As a new object becomes in view of the radar the software will assign the object 
an identification number but as this object gets closer to the vehicle the object ID number 
changes to keep track of the closer objects.  For example, Figure 37 shows five objects being 
tracked, three in the front and two in the rear.  Each of the objects is labeled an object number of 
0, 1, or 2 as shown in the figure.  As they move around, the object number for each object will 
change keeping the object number of 0 always assigned to the closest object to the sensor.  This 
is not helpful for this research as the data then becomes impossible to keep track of specific 







Figure 37: Example of Vehicle Tracking from DR3 
The software engineers from SmartMicro who wrote the DR3 program were aware of this issue 
and made changes to the software to fit the needs of this research.  This would include a separate 
vehicle identification number for each of the objects regardless of its position form the vehicle, 







Figure 38: Example of Updated DR3 Vehicle Tracking 
A sample of car-following data from one of the drivers in relation to relative speed and relative 
distance is shown in Figure 39.  This figure describes the forward and drift motion of a vehicle as 







Figure 39: Relative Velocity vs. Relative Distance with Sample Car-Following Data 
The variables for “following variation”, “negative following threshold” and “positive following 
threshold” can be calculated from the data shown in Figure 39.  This demonstrates that the IRV 
is able to collect the car-following behavior as is described by Wiedemann (Wiedemann & 
Reiter, Microscopic Traffic Simulation The Simulation System Mission, 1992) 
4.7 Phase II Driving Test 
Determining the location of the LL specific to a freeway work zone is central for the research 
objectives.  Identifying the laboratory environment and requirements may involve partnering 
with the local transportation authorities since this will require approvals for the safe deployment 
of equipment.  For the Phase II driving test, the location was selected along I-95 in Virginia 
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Highway Administration (FHWA) Virginia division office.  The geometry of the road and 
surrounding environment were taken into consideration as these may influence the drivers’ 
behavior (e.g., sight distance).  The placement of the CMTS systems is essential for developing 
the connected environment to collect data of the natural setting.  Once the boundaries of the LL 
have been established, the experiment for collecting data on driver behavior can begin.  
4.7.1 Phase II Living Laboratory Location 
The route was selected to be along the I-95 managed lane project which was under construction 
and was not projected to end during the experimental timeline.  The route used in this study 
guided participants to leave Turner-Fairbank Highway Research Center (TFHRC) in McLean, 
VA, travel south down the George Washington Parkway (approximately 6 miles), and told to 
merge onto I-395 south.  The participants were told to continue down I-395 south (approximately 
9 miles) which turned into I-95 south (approximately 6 miles) and to get off at the exit 163 
Lorton Road.  Here, the participants were instructed to make a left onto Lorton Road and merge 
back onto I-95 north to head back to TFHRC.  Each participant drove on average 50 miles 
roundtrip for this study.  Each daily session involved at most two drive sessions with one 
participant during morning peak (8:30-10:00AM) and one participant during afternoon peak 
(4:00-5:30PM).  The participants only drove one session and if there were any signs of weather 
in the area, such as rain, the drive was canceled.  An LL was set up along this route in an active 
work zone, shown in Figure 40.  The entire drive is shown in blue with the LL section being 
zoomed in (top left part of Figure 40).  The green line represents the non-work zone part of the 





































Figure 41: Living Laboratory along I-95 in Virginia 
In Figure 41, the locations of two CMTS systems are setup up before and inside the work zone.  
The deployment of the CMTS system is shown by the photo in Figure 42 and a fully set up 
CMTS system is shown in Figure 43.  The two graphs show the volume and speed data from 
each of the CMTS systems relative to one experimental day.  Shown in the graphs, there is a 
difference in volume and speed between these two locations which is caused by the interchange 
of I-495.  The LL captures these different fluctuations in traffic flow based on location.  This will 















































































































































































































Figure 43: Deployed CMTS at Start of Work Zone 
4.7.2 Phase II Driver Experiment 
The experiment began in May 2013 and lasted for three months ending in August 2013.  The 
study recruited 64 random drivers from the general public to drive the IRV on a freeway.  The 
objective of the field experiment was to have participants drive on a freeway first in a non-work 
zone then through a real-world work zone and record their car-following behavior relative to the 
vehicle in front. The participants were not notified about the objective of the study until the drive 











Younger Female 25 
Older Female 58 
Younger Male 25 







These participants comprised of 32 males and 32 females with an age range from 18 to 71 and a 
mean age of 41.4 years shown in Table 18. A breakdown of the age and gender for the 64 
random participants recruited in this study is located in APPENDIX G: ALL 64 PARTICIPANT 







CHAPTER FIVE: ANALYSIS AND DEVELOPEMNT OF THE 
MULTIDIMENTIONAL PSYCHO-PHYSICAL MODEL 
5.1 Research Objective 
The objective of this chapter is to develop a new framework for calibrating a psycho-physical 
model using a statistical approach.  The new framework is designed to examine the 
psychological assumptions of the Wiedemann model.  This framework is calibrated for a freeway 
work zone in order to test the hypothesis that drivers have different car-following behavior in a 
freeway work zone versus a non-work zone.  To achieve the research objective, a new 
framework is described in the following section. 
5.2 Data Reduction and Analysis 
5.2.1 Work zone vs Non-Work Zone 
The data used for this chapter focused on the car-following behavior while the participant drove 
on a 9 mile section of I-395 in Northern Virginia.  This section of freeway was divided into two 
separate parts using a geo-fence based on where the freeway work zone began, as shown in 
Figure 40.  This created two comparable data sets: (1) a non-work zone region (approximately 6 
miles), and (2) a work zone region (approximately 3 miles).  The car-following data collected in 
these two sets are used to explore the hypothesis that there is a difference in car-following 
behavior.   
5.2.2 Congested vs Uncongested  
The next step in the data analysis looked at the car-following data in terms of velocity of the 
IRV.  The velocities of the IRV during the non-work zone and work zone regions were shown to 






driving behavior during peak hour vs off-peak hour, the data was split into two groups (Heaslip, 
Collura, & Louisell, Evaluation of Work Zone Design Strategies Quatifying the impact of Driver 
Behavior on Traffic Flow and Safety, 2007).  The bimodal split was calculated using the 
Expectation Maximization (EM) algorithm which is a technique that estimates the probabilities 
for each observation to belong to a specific cluster (Dellaert, 2002). In this case, the EM 
algorithm splits the velocity data into two groups, (1) congested, and (2) uncongested conditions, 
shown in Figure 44. 
 
Figure 44: Speed distribution non-work Zone (left) and work zone (right) N=18 
5.2.3 Data Reduction 
Out of the 64 participants who completed the entire drive, only the data from 62 participants 
were used since two of the participant’s data ended up being corrupted due to technical issues 
with the IRV.  From these 62 participants, approximately 3,100 miles were driven.  This 
produced approximately 8 million rows of data which logged about 26 hours of car-following 
data.  The use of techniques to filter the data is common when dealing with the large amount of 
data collected from vehicles.  FHWA report on “Driver behavior in traffic” used vehicle data to 
calibrate the Wiedemann model and presented criteria for filtering driving data for car-following 
evaluation (Federal Highway Administration, 2012 ).    Some of the data analysis techniques and 






The first step was to consolidate all sensor data collected at different rates to one time reference 
which is accustom in microsimulation.  The data was consolidated to report values from all 
sensors every 0.1 seconds.  Next, a filter was used to remove the noise from the radar to only 
focus on the vehicle in front.  This was a two-step process that first filtered the object range in 
the x-axis by removing all data greater than 60 meters.   
The second step filtered object range in the y-axis by removing all data greater than ±2.5 meters 
to remove vehicles outside the lane of travel.  Next, the car-following constrains were set for use 
in the analysis.  Since the participants drove IRV in real traffic there were many cut-ins and lane 
change actions on the highway due to the participant driving in an LL.  Therefore, the data was 
constrained to car-following greater than 20 seconds for both non-work zone and work zone 
during Uncongested and congested conditions.  
The other constraint for car-following focused on removing data where the relative velocity (ΔV) 
did not cross 0 to indicate car-following.  This is seen when the IRV approaches a vehicle and 
before car-following takes place the IRV passes the vehicle and takes over in the adjacent lane.  
The final step removed data which reflected abnormal values in time gap which is calculated 








Figure 45: Sample distribution diagram 
Following the steps described above has reduced the sample size from 62 to 18 total participants 
that contained suitable car-following data (see Figure 45).  The data is then divided between two 
road conditions; (1) non-work zone where 17 participants out of 62 drove through, and (2) work 
zone where 15 participants out of 62 drove through.  For each of these two road conditions, the 
data was divided into two traffic conditions; (1) congested and (2) uncongested.  This created 
four distinct groups of data which represent the four categories illustrated in this new 
framework.  The final subset included approximately 900 miles of data which resulted in 
approximately 60,000 rows of data.  This logged about 1.65 hours of car-following data.  
5.2.4 Identifying Minimum and Maximum Values 
The next step in data analysis involved applying a filtering technique to the data to help identify 
the maximum and minimum points of relative velocity during car-following.  An example of one 
car-following period (data relative to one unique lead vehicle) is shown in Figure 47 below.  The 
graphs represent the relative distance on the y axis (in meters or m) and relative velocity on the x 
axis (meters per second or m/s). 
 
Participant data separated by 
traffic condition 
A total of 18 of 62 participants 
collected adequate car-following 
data based on road condition 
A total of 62 of 64 participants 
completed the drive and logged 
data with no technical issues 
Participant 
Data from IRV 
N=62 (of 64) 
Non-Work 
Zone 
n=17 (of 18) 
Congestion 
n=12 (of 17) 
Uncongestion 
n=10 (of 17) 
Work Zone  
n=15 (of 18)  
Congestion 
n=12 (of 15) 
Uncongestion 







Figure 46: Example of one car-following observation 
 






The data shown in Figure 46 is the raw radar data and the data shown in Figure 47 is after 
applying low pass filtering for smoothing.  In order to analyze this data the significant peak-
valley algorithm, time-series technique, was selected to assist in the identification of the local 
maxima and minima (Palshikar, 2009 ). This algorithm is presented in equation 6 which 
represents the average distances between k neighbors and the     values to the right and left of 
each data point.  In this case,   was set to 5 which filtered the data for 1 second time periods.    
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Where: 
 = size of subsequent from T 
                                              
                                  
After the smoothing filter is applied the data is shown in time-series for relative velocity to 








Figure 48: Local maximum and minimum velocities 
The local maximum points are located in bold for positive relative velocity and are referred as 
the peaks. The local minima points are located in bold for negative relative velocity and are 
referred to as the valleys.  The process is completed for each car-following period for each 
driver. These action-points are used to calculate the approaching and separating parameters 
described in the next section.   
5.3 Car-Following Model Framework 
We developed this new framework to represent car-following behavior collected from an LL 
using an IRV.  This framework follows the principals from the psycho-physical approach.  The 
human perceptions and reactions are represented by thresholds which were measured from IRV.  
This modeling approach focuses on creating thresholds based on observations during different 
traffic conditions and provides a new framework for replicating the modeling results when 
checked with real life probe vehicle data.  The new car-following model framework is shown in 
Figure 49.  






























Figure 49: New car-following model framework 
The new framework provides the flexibility for dividing the driver behavior into different 
categories.  For example, in this dissertation, the driver behavior is divided into four categories 
providing car-following thresholds based on two sets of data; (1) Traffic conditions (uncongested 
vs congested); and (2) Roadway conditions (non-work zone vs work zone).  The calibrated 
parameters for this framework are presented in Tables 1 in the next section.  For the purpose of 
simulation, distributions are needed to provide randomness of the simulated vehicles around the 
calculated thresholds.  These distributions along with other details of the new modeling 
framework are described in the next section. 
5.4 Car-Following Identification Techniques 
In this section we present the analytical technique of the new modeling framework for car-
following driver behavior. 
   
   
SEPARATING 





ΔX Vehicle Gap 
(m) 
     
     






5.4.1 Distance Gap at Stopped   
The first threshold is defined as the distance gap (front-to-rear) between two vehicles at stopped 
position (   ) as experienced by driver (n).  This threshold is represented by    as shown in 
Equation 16.   
                                               (16) 
Where: 
                                              
  {
                                           
                                       
                                                
                                          
} 
 
                                     
                     
  = All driving participants 
This value of      was calculated by finding the smallest gap (    a driver (n) had at velocity 
equal to 0 during his or her entire drive.  The distribution of these gaps based on the sample size 
of the category ( ) fits a Weibull distribution as shown in Figure 50.  This threshold identifies the 
closest a driver will ever get to the vehicle in front at complete stop which will set a limit for 
each of the four regions.  Equation 1 computes the closest gap at stopped position that a driver 






5.4.2 Minimum Gap during Car-Following  
The next threshold is defined as the minimum desired gap (front-to-rear) a driver (n) will 
maintain for car-following and is represented by the threshold      shown in Equation 17.   
                                                                   (17) 
Where:  
                                              
  {
                                           
                                       
                                                
                                          
} 
 
                        
  {
                           
                           
} 
  = All driving participants 
                     
This value was calculated by finding the minimum gap (       for all of the car-following 
period ( ) collected in each of the four categories ( ).  The distribution of these gaps fits a 
Weibull distribution as shown in Figure 51.  This threshold identifies the desired minimum car-
following boundary for a driver specific to each of the four regions ( ). 
The other threshold that is calculated from this distribution is the absolute minimum distance gap 
(front-to-rear) a driver (n) experienced during car-following and is represented by the threshold 






                      )                          (18) 
Where:  
                                              
  {
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This value was calculated by determining the minimum gap during the car-following periods ( ) 
for each category ( ).  This threshold sets the limit that a driver should not cross during car-
following specific to the above four categories.  
5.4.3 Maximum Gap during Car-Following  
The next threshold is defined as the maximum car-following gap (front-to-rear) a driver (n) will 
maintain for car-following and is represented by the threshold      shown in Equation 19.  
                                                (19) 
Where:  
                                              
                                         







                           
                           
} 
This threshold identifies the maximum car-following boundary which delimitates whether the 
driver is in car-following or not.  Once a driver exceeds this value then this is not considered car-
following.  To solve for      the car-following variation        which sets the boundaries is 
calculated first as shown in Equation 20.  
                                               
                                                        (20) 
Where:  
                                              
  {
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  {
                           
                           
} 
  = All driving participants 
                     
This value was calculated by finding the range             between each car-following 






Weibull distribution as shown in Figure 52.  This threshold identifies the desired maximum car-
following boundary for a driver specific to each of the four categories (i). 
5.4.4 Approaching Velocity  
The next threshold is defined as the state a driver (n) will begin approaching the forward vehicle 
represented by the threshold    shown in Equation 21.   
   ( 
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Where: 
                               
                                             
At this threshold      the driver begins to realize they are approaching the vehicle and takes 
action to slow down.  This is similar to the transition boundary described by Wiedemann in his 
variable SDV (10), the perception threshold.  This equation was re-written in our new modeling 
framework to represent the transition states that are calculated statistically for positive relative 
velocity. 
In order to solve for the driver’s velocity threshold, action-points are identified from each car-
following period (   for each driver.  To identify the action-points, represented as peak values 
from the data, the significant peak-valley algorithm was used (Schneider, 2011).  The action-
points for approaching were found in the data by calculating the maximum or peak value of the 
relative velocity (    shown in Figure 53.  These locations were used in Equation 21 to calculate 






action-points      based on the sample size of the category fits a lognormal distribution as 
shown in Figure 55.  The calculated thresholds for      for each category are presented in Table 
20. 
5.4.5 Separating Velocity  
The final threshold is defined as the state a driver (n) will be separating from the forward vehicle 
represented by the threshold    shown in Equation 22.   
   ( 




                                      (22) 
Where: 
                               
                                                
At this threshold the driver begins to realize he or she is separating and makes a decision change 
in the relative velocity (    in order to catch up.  This equation is similar to    and represents 
the transition states that are calculated for negative relative velocity.   
The same process for solving      is applied for the action-points for vehicle separation but in 
this case the minimums or valley values of the relative velocity (    are used at the points of 
inflection shown in Figure 54.  This is calculated for each individual car-following period (  .  
These points are used in equation 22 to calculate the action-points      for each individual car-
following period (  .  The distribution of these action-points      based on the sample size of 
the category fits a lognormal distribution shown in Figure 54.  The calculated thresholds for      







The results of calibrating the data to fit the psycho-physical model framework are presented in 
this section.  This new framework and equations are evaluated based on the data collected from 
the IRV.  This new framework developed four categories representing car-following behavior: 
(1) uncongested, and (2) congested traffic conditions, and (3) non-work zone, and (4) work zone 
road conditions.  This categorization is based on vehicle velocity and location.  The driver 
behavior changes across the four categories depending on the current vehicle state.  For the 
purpose of simulation, distribution thresholds can be calculated to allow simulation software to 
add stochastic behavior to the simulated vehicles.  








































Figure 52: Weibull distribution of the car-following range          by category 
The calibrated thresholds for car-following related to relative distance between the forward and 
lead vehicle are located on the Y-axis and presented in Table 19.  These thresholds are fitted to 
the Weibull distribution which contains a scale parameter (α) and a shape parameter (β) that a 
simulator uses to randomly assign behavior to the vehicles in the model.  The Cramér-von 
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distribution with probabilities > 0.05.  The mean values are used as the thresholds that are 
presented horizontally in Figure 50, Figure 51 and Figure 52. 
Table 19: New Psycho-Physical Model Thresholds 
Weibull 
Distribution 
Non-Work Zone Work Zone 
N Mean α β    
Prob 
>   
N Mean α β    
Prob 









    12 2.4 2.66 1.89 0.053 0.250 12 3.0 3.38 2.16 0.051 0.250 





     26 10.5 11.67 3.29 0.097 0.106 55 7.7 8.66 2.90 0.110 0.075 
       26 18.0 20.16 2.79 0.040 0.250 55 14.8 16.68 1.93 0.051 0.250 














    10 3.3 3.68 2.36 0.043 0.250 7 3.7 4.13 2.46 0.051 0.250 





     31 19.0 20.73 4.86 0.039 0.250 12 14.3 15.78 3.85 0.100 0.090 
       31 19.4 21.85 2.24 0.076 0.218 12 21.8 24.66 2.18 0.080 0.189 






Reflected in the mean values for each of the thresholds there is a decrease in gap (vehicles begin 
to follow closer) for work zones when compared to non-work zones.  There is also a decrease in 
gap (vehicles begin to follow closer) when congestion is present compared to Uncongested 
traffic conditions.  The stationary distance gap      values range from 2.4 meters to 3.7 meters 
(the closest distance gap a vehicle will get).   
The absolute minimum distance gap      is the closest distance gap a vehicle will get to the 
vehicle in front during car-following ranges from 3.0 meters to 11.7 meters. This was calculated 
by using the minimum distance gap during car-following from the distribution of     .  The 
average minimum gap distance (      ranges from 7.7 meters to 19.0 meters.  Both    and      
thresholds have decreasing means when influenced by work zones and congestion. The car-
following variation (        values range from 14.8 meters to 19.4 meters which shows a 






maximum car-following gap        defines the beginning and end of car-following in the model 
and ranges from 21.5 meters to 37.6 meters.  These distributions show that there is different 
behavior that drivers have during car-following in work zones and under congested traffic 
conditions, which is reflected in driver behavior.  This supports the hypothesis that a single car-
following model may not accurately model the behavior for modeling various work zone road 
conditions and congested traffic conditions.  




Figure 53: Plot of the action-points       of approaching 
 
 






































Figure 54: Plot of the action-points      of separation 
Action-points    are identified in the data as transition points and shown as bold points in Figure 
53 and Figure 54.  The procedures for identifying them are described in literature (Brackstone, 
Sultan, & McDonald, 2002) (Bifulco, Pariota, Brackstone, & Mcdonald, 2013).  In this 
dissertation the action-points or turning point are determined which a driver changed their 
relative velocity trajectory.  For each individual car-following session, the significant peak-
valley algorithm identified all peaks and valleys for all car-following periods for each region.  
In order to visually show where these actions take place, first the car-following data is presented 
in terms of relative velocity (    and relative distance (    specific to each region.  Then, the 


































action points identified by the peak-valley algorithm are highlighted in bold.  Finally, the data is 
separated by whether the action was made while approaching or separating a vehicle as shown in 
Figure 53 and Figure 54 respectively.  The peak points presented by bold points in Figure 53 are 
used to solve for the      parameter. These parameters are used to determine the threshold for 
approaching velocity    ) specific to each region.  The valley points presented in bold for Figure 
54 are used to fit the      parameter for each region. These parameters are used to determine the 
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Figure 56: Log-normal distribution of the action-points       of separation 
The calibrated parameters for action-points ( ) are presented in Table 20.  These parameters are 
fit to the Log-normal distribution which contains a mean (μ) and a standard deviation (σ) of the 
variables natural logarithm, shown in Figure 55 and Figure 56.  Again, a simulation program can 
use these distributions to randomly assign behavior to the vehicles in the model.  The 
Kolmogorov's D goodness-of-fit test applied to the distribution estimated with probabilities > 
0.05 supports that data was well represented by the Log-normal distribution. 
Table 20: New Model Thresholds Distribution Parameters 
Log-Normal 
Distribution 
Non-Work Zone Work Zone 










   26 26.6 3.211 0.372 0.109 0.150 54 18.4 2.861 0.323 0.046 0.150 











   30 43.7 3.733 0.298 0.100 0.150 12 35.5 3.534 0.269 0.157 0.150 
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The action-points ( ) parameter is similar to Wiedemann’s variable CX parameter presented in 
his car-following model (Wiedemann, 1974).  The literature is unclear of how this parameter is 
calculated but Wiedemann provides a range of 25 to 75 for CX.  The default value that 
simulation models (such as VISSIM) use for this parameter is 40 (Olstam & Tapani, 2004).  The 
interpretation of this parameter is based on when the vehicle changes its relative velocity, this 
change takes place at what is defined to be an “action-point” ( ).  The action-points ( ) 
parameter for non-work zone and Uncongested traffic condition are 43.7 and 41.7 for 
approaching    and separating    respectively.  This value is similar to the CX value but once 
congestion increases in works zones it reduces to 18.4.  These action-points are collected using 
an IRV (Bifulco, Pariota, Brackstone, & Mcdonald, 2013)with more advanced and accurate data 
collection systems than the technology available to earlier researchers (Todosiev, 1963).  This 
demonstrates that there is a different range for the action-point ( ) parameters due to a change in 
work zone road and traffic conditions.  Using a single model with one value for this parameter 
may not accurately capture the drivers change in relative velocity for specific road conditions or 
traffic condition.   
5.5.3 New Psycho-Physical Model  
The psycho-physical car-following framework provides a behavioral method for delineating car-
following into specified regions.  The Wiedemann model was developed and calibrated with 
driver behavior many years ago and may not reflect the drivers of today.  However the 
psychological principals remain relevant, the original data used to fit and calibrate the model was 
collected using data from a driving simulator (Wiedemann, 1974) (Todosiev, 1963).  There are 
many advanced in vehicle technology over the past half century that may have influenced driver 






technology systems, (3) Improved road geometrics, etc.  Focusing on automobiles, they are more 
advanced and perform differently than the automobiles that were used in the original study.  Due 
to the advance in automotive technologies we hypothesize that these technologies effects the 
driver behavior of today compared to the behavior a half century ago.   
The new framework described in this chapter addresses this concern by developing a method to 
calibrate a psycho-physical model based on IRV data.  This also takes a multi-dimensional 
approach and allows other factors to be added to the model to capture more precise driver 




Figure 57: New model fitted parameters 


































The new thresholds for the car-following model based on the new framework are presented in 
Figure 57.  This visually shows the relative velocity (    versus relative distance (    for the 
car-following data for each of the four model categories.  This figure presents the differences in 
thresholds across the four categories that better captures the driver behavior that a single model 
is unable to capture.  The horizontal lines show the thresholds for stationary distance gap    , 
minimum gap      , minimum gap distance (       and maximum car-following gap 
       presented in Table 19.  The vertical lines show the thresholds for approaching velocity 
     and separating velocity      on right and left respectively.  This new framework provides a 
method for simulating randomness in driver behavior for individual vehicles.  The car-following 
driver model for each vehicle will change based on the velocity of the vehicle and the location 
which in this case is non-work zone or work zone.    
The benefit of using this new framework opens the door for modeling car-following behavior 
based on different dimensions and not based on one static model.  For example, this new 
framework was applied to work zones but another dimension could calibrate a car-following 
model for weather, traffic incidents, etc.  As such, this new framework enables modeling car-
following behavior in a multidimensional setting using calibrated data to enhance accuracy of 







CHAPTER SIX: UNDERSTANDING DRIVER BEHAVIOR 
6.1 Research Objective 
The objective of this chapter is to investigate car-following driver behavior by use of survey 
techniques to augment the model calibrations to improve the understanding for impacts of a work 
zone on mobility.  This chapter will discuss combining the survey data with IRV data described 
in this dissertation.  Understanding the driver behavior will guide us when specifying 
parameterization suitable for differentiating work zone and non-work zone car-following 
behavior.  To achieve the research objective, an experiment is described in the following section. 
6.2 Data Reduction and Analysis 
Using the criteria described in Chapter five, this analysis started with the same sample from 62 to 
18 total participants that contained sufficient car-following data (see Figure 45).   
 
Figure 58: Sample distribution diagram match pairs 
The data is then divided between two road conditions; (1) non-work zone where 18 participants 
out of 62 drove through, and (2) work zone where 18 participants out of 62 drove through.  For 
Participant data separated by 
traffic condition 
A total of 18 of 62 participants 
collected adequate car-following 
data based on road condition 
A total of 62 out of 64 participants 
completed the drive and logged 
data with no technical issues 
Participant 
Data from IRV 
N=62 (of 64) 
Non-Work 
Zone 
n=18 (of 62) 
Congestion 
n=8 (of 18) 
Uncongestion 
n=6 (of 18) 
Work Zone  
n=18 (of 62)  
Congestion 
n=8 (of 18) 
Uncongestion 






each of these two road conditions, the data was divided into two traffic conditions: (1) congested 
and (2) uncongested.  Out of the 18 participants, the drivers that drove in each road conditions 
needed to drive in the same traffic conditions in order to see the effect of the road condition.  
Based on this requirement only 8 of the 18 participants were used in the congested condition and 
6 of the 18 participants were used in the uncongested condition.  This created four distinct 
groups of data which represent the four categories (congested non-work zone, congested non-
work zone, work zone congested and work zone uncongested).  The final subset included 
approximately 600 miles of logged data which equaled about 1.17 hours of car-following data.   
Lastly, the same questionnaire from the national work zone survey was used to collect responses 
from all 64 participants.  This survey contained 29 questions (shown in APPENDIX E: 
QUESTIONNAIRE) on the whole but only 17 questions are selected for this study which are 
listed in Table 21.  The other 12 questions are not relevant to work zones and therefore are not 
used in this analysis.  The selected survey contained a few questions pertaining to demographic 
characteristics which included gender, driving experience and education to enable analysis of the 
different perceptions of commuters belonging to different demographic and socio-economic 
groups.  The remaining survey questions are specific to work zone and freeway behavior.  The 
aim of these questions focused on seeing if the presence of a freeway work zones made it more 
















Do you own a vehicle 2 *Filtering 
Question 
Q2* 
A freeway is defined as "a major divided highway 
designed for high-speed travel, having no intersections."  
An example of a freeway is seen in the picture above.  
While driving on a freeway within the past 6 months, did 




Q3 What kind of vehicle do you drive? 6 Demographic 
Q4 




Over the past three years, what is your average annual 
mileage (estimate)? 
5 Driving History 
Q6 What is your gender? 2 Demographic 
Q8 
What is the highest level of education you have 
completed? 
6 Demographic 
Q10 How long have you lived at your current residence? 5 Demographic 
Q13* 
A freeway is defined as "a major divided highway 
designed for high-speed travel, having no intersections."  
An example of a freeway is seen in the picture above.  In 





How many one way trips do you make on your most 
traveled freeway (e.g., I-95, I-66, etc.) 
4 Freeway Behavior 
Q15 
What is the main purpose of your most frequent trips, on 
a freeway (e.g.,I-95, I-66, etc.)? 
5 Freeway Behavior 
Q16 
An example of a freeway is seen in the picture above.  
How comfortable do you feel when driving on freeways? 
4 Freeway Behavior 
Q17 
While driving on a freeway at 55mph, how many car 
lengths do you usually keep between you and the vehicle 
ahead? 
4 Driver Behavior 
Q19 
What most accurately describes your change when 
driving behind a car through a work zone compared to 
driving behind a car through a non-work zone on the 
freeway? (Only Select One) 
3 Work Zone 
Behavior 
Q20 
Pictured above is an example of a freeway work zone.  
How comfortable do you feel when driving through a 
freeway work zone? 
5 Work Zone 
Behavior 
Q21 
While driving on a freeway, you enter a work zone, as 
pictured above. How comfortable do you feel driving 
next to construction cones? 
5 Work Zone 
Behavior 












pictured above. How comfortable do you feel when 
driving next to construction barrels? 
Behavior 
Q23 
While driving on a freeway, you enter a work zone, as 
pictured above. How comfortable do you feel when 
driving next to concrete barrier? 
5 Work Zone 
Behavior 
Q25 
While driving on a freeway, you enter a work zone, as 
pictured below. How comfortable do you feel when 
driving through a work zone with temporary solid white 
lines in place to increase driver awareness of lane 
shifting? 
5 Work Zone 
Behavior 
Q26 
While driving in a Freeway Work Zone at 55mph, how 
many car lengths do you usually keep between you and 
the vehicle ahead? 
4 Work Zone 
Behavior 
 
6.3 Distribution of Time Gap  
6.3.1 Congested and Uncongested Conditions 
In order to evaluate the hypothesis that drivers change their behavior in freeway work zones, we 
first calculated the time gap (TG) for each driver.  The car-following time gap is a function of the 
drivers relative range    ) (front-to-rear) divided by the speed ( ) of the vehicle, shown by 
Equation 23. 
    
  
 
                          (23) 
The time gap probability density distributions for all 62 participants for both (1) uncongested and 







Figure 59: Time gap for non-work zone and work zone during uncongested conditions 
  
Figure 60: Time gap in non-work zone and work zone during congested conditions 
Time Gap (s) 






The density plots show that time gap curves for work zone and non-work zone almost overlap 
under uncongested conditions, see Figure 59.  This would be expected for a hypothesis that states 
there is no change in car-following behavior for non-work zone and work zone during 
uncongested conditions.  However, under congested conditions, the density curve for work zones 
is shifted right as compared to the non-work zone, as shown in Figure 60.  This means drivers 
tend to allow more time gap in work zones only during congested conditions.  This is a key 
finding that previous researchers have investigated but had little evidence to conclude that traffic 
flow through work zones had any influence on car-following (Dijker, Bovy, & Vermijs, 1998) 
and (Brackstone, Waterson, & McDonald, 2009).  Furthermore, the macroscopic effects for the 
congested condition are further investigated to identify any driver specific changes in behavior.  
6.4 Comparison of Time Gap  
6.4.1 Work zone and Non-Work Zone during Congestion 
The next step is to look at the driver specific data from each of the individual participants and 
compare their time gap (TG) data when they drove through the non-work zone and the work 
zone.  Based on Figure 60, only participant data from the congested condition are used in this 
comparison.  This leads to a sample of 8 participants who drove both in the non-work zone and 
work zone.  The distribution of their time gap is presented in the box plot shown in Figure 61.  
The variance of time gap for each driver, represented by a separate ID number, varies in the 







Figure 61: Boxplots of time gap during a congested work zone and non-work zone 
The F-test for two way analysis of variance (ANOVA) was conducted between road condition 
(non-work zone and work zone) and ID to see if the two groups are significantly different. The 
effect test showed a p-value less than 0.05, which indicates that there is a difference in between 
non-work zone and work zone from all drivers as a group.  
Due to the variation of time gap as observed in Figure 61, an unequal variance t-test was used to 
compare the difference of car following gap between the work zone and the non-work zone for 
each driver, separately.  Unequal variance t-tests are used when both groups of data are sampled 
from Gaussian populations, but do not have the same standard deviation.  Given two groups of 
car following data in work zones and non-work zones separately, we define the sample mean, 
standard deviation, and sample size for work zone group to be    ,    and  respectively while 






The null hypothesis is that drivers’ mean car-following time gap is the same in work zones and 
non-work zones:  
     -    = 0                          (24) 
The t statistic is calculated as: 
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The degrees of freedom is given by: 
















       
                 (26) 
By calculating t and   , the p-value (probability that observed values are more extreme under 
the null hypothesis) can be calculated.  A p-value less than 0.05, indicates that the null 
hypothesis is rejected.  In other words, the drivers' mean car following gap in the work zones are 
significantly different from that in the non-work zone.  The results for the mean time gap for 










Table 22: Comparison of time gap during a congested work zone and non-work zone 
ID 
Non-work zone Work zone 
p-value 
Time Gap for Work 
Zone N μ σ N μ σ 
8 414 1.52 0.17 466 2.03 0.39 <0.0001 Significant Increase 
13 443 2.79 0.87 531 3.33 0.88 <0.0001 Significant Increase 
14 1091 1.83 0.32 3205 2.57 0.88 <0.0001 Significant Increase 
20 856 2.79 1.07 4072 2.87 1.26 0.0621 No Significant Change 
24 705 3.36 0.71 2765 4.34 1.52 <0.0001 Significant Increase 
27 1274 2.77 1.21 3388 3.70 1.91 <0.0001 Significant Increase 
28 1899 3.42 1.73 1943 3.34 1.86 0.1693 No Significant Change 
38 612 2.27 0.5 3552 2.56 1.07 <0.0001 Significant Increase 
 
Comparing each of the participants individual time gap between non-work zone and work zone 
during congestion indicates that six out of eight (or 75%) drivers had  a significant increase in 
their time gaps while the rest (two drivers) had no significant change in their time gap, see Table 
22.  As the overall driver behavior in terms of time gap increased, this shows that at the 
individual level, a large proportion increased their time gap.  This behavior impacts mobility as 
increased time gaps will ultimately reduce the capacity of a work zone during congestion. 
6.5 Combining survey and vehicle data 
Out of the 17 questions pulled from the survey, the next step is to identify which questions are 
important in describing the time gap during congestion. To identify whether and how drivers’ 
car-following behavior varies over their demographic features and stated preference, the 
classification and regression tree (CART) methodology was employed.  
CART analysis has been widely used for data mining in various areas (Chang & Wang, 2006) 
and (Berchialla, Snidero, Stancu, Corradetti, & Gregori, 2007).  When the target variable is 
discrete, CART analysis generates a classification tree, while CART analysis generates a 






difference of car-following time gap among drivers.  Since the target variable, time gap, is 
continuous, a regression tree is developed.  A regression tree classifies observations by 
recursively partitioning the predictor space.  The resultant model is expressed as a hierarchical 
tree structure.  In tree-structured representations, a set of data is represented by a node, and the 
entire dataset is represented as a root node.  When a split is made, two child nodes are formed, 
which corresponds to partitioned data subsets.  If a node is not to be split any further, it is called 
a terminal node that is associated with a group membership; otherwise, it is an internal node.  
The splitting of nodes is based on the deviance of the sample.  The splitting variable and value 
are chosen such that the deviation in each of the two child nodes is minimized.  The deviation 
can be derived from (Karlaftis & Golias, 2002):  
    ∑         
  
                           (27) 
where     is the deviation at node  , and    is the average of L observations categorized into 
node  ,     is the observed value of each observation in  .  More detailed descriptions of these 
decision tree algorithms are provided in (Breiman, Friedman, Olshen, & Stone, 1984).  
Since data points for each driver vary significantly, the tree classification may over-weight the 
relationship between drivers’ characteristics and their behavior for those who have a large 
number of data points.  To avoid this type of bias, the original dataset was randomly sampled by 
stratifying ID, traffic and roadway conditions.  Specifically, 300 data points were randomly 






Two decision trees were constructed; (1) congested work zone and (2) congested non-work zone.  
The data was separated with 70% of the data used to train the tree, and the remaining 30% of the 
data was used to validate the model.  
6.5.1 Work zone classification tree  
The first tree illustrates the tree classification for work zone as shown in Figure 62.  This tree 
model comprises of 2,453 logged time gap points from 12 participants who drove the IRV 
through the work zone.  As this tree is focused on the work zone condition, the first layer is 
driver experience which is identified as the most important variable.  The next two layers are 
work zone related questions pertaining to comfort and spacing. 
 
Figure 62: Decision tree for the work zone 
The first split under the work zone congested condition is split by years of driver experience.  
This shows that younger drivers (or drivers with less than 10 years of experience) tend to follow 






have a mean time gap of 3.28 seconds.  Less experienced drivers were further split into two 
additional groups based on comfort levels in a work zone.  These drivers who were comfortable 
tend to follow closer with a mean time gap of 2.55 seconds than drivers who are not comfortable 
that kept a mean time gap of 3.25 seconds.  By comparing the less experienced and the 
experienced drivers we find those who are uncomfortable in work zones have less time gap (3.25 
seconds) and follow closer than experienced drivers who said they will allow more space (3.49 
seconds).  Further, more experienced drivers who reported in the survey to “allow more 
following space in work zones” actually maintained a mean time gap of 3.49 seconds during the 
experiment compared to drivers who said they keep less space with a mean time gap of 2.42 
seconds.   
6.5.2 Non-work zone classification tree  
The second tree illustrates the tree classification for non-work zone as shown in Figure 63.  This 
tree model comprises of 2,520 logged time gap points from all 12 participants who drove the 
IRV through the non-work zone.  As this tree is representative of a non-work zone condition, the 
first layer is driver experience which is identified as the most important variable.  The next two 







Figure 63: Decision tree for the non-work zone 
The first split under the non-work zone congested condition is split by drivers’ years of 
experience which plays the most important role in affecting their car-following behavior in terms 
of time gap.  Drivers with less than 10 years of driving experience tend to follow more closely 
with a time gap of 2.02 seconds than drivers with more than 10 years who have a mean time gap 
of 2.88 seconds.  Drivers with less than 10 years of experience but have advanced degrees follow 
more closely with a mean time gap of 1.52 seconds compared to drivers who have at most a 
college degree who maintain a mean time gap of 2.12 seconds.  Among drivers with more than 
10 years of experience, females tend to allow more space having a mean time gap of 3.15 
seconds compared to males who have a mean time gap of 2.32 seconds.  
6.5.3 Influential survey questions 
Since we decided how the tree was divided a priori based on nominal survey responses, the tree 






survey presented in Table 21, only 5 of the 17 questions were identified as influential questions 
used to group these drivers’ based on their mean time gap, presented in Table 23. 
Table 23: Selected survey question 
No. Question Choices Attribute Class 
Q4 How many years have you been driving? blank Driving History 
Q6 What is your gender? 2 Demographic 
Q8 What is the highest level of education you have completed? 6 Demographic 
Q19 
What most accurately describes your change when driving behind 
a car through a work zone compared to driving behind a car 
through a non-work zone on the freeway?  
3 Work Zone Spacing 
Q23 
While driving on a freeway, you enter a work zone, as pictured 






In summary, of the 62 participants in this study, their responses to these five questions are shown 
in Table 24.   
Table 24: Driver participants and national survey comparison 






N % N % 
Comfort in 
Work Zone 
Sense of comfort in Work zones 1 (comfortable) 47 76% 505 70% 
2 (not comfortable) 15 24% 218 30% 
Gap in Work 
Zone 
Drivers' preference of car 
following gap change in work 
zones versus regular freeways 
1 (follow more closely) 10 16% 122 17% 
2 (allow more space) 45 73% 453 63% 
3 (no change) 7 11% 148 20% 
Driver Years 
Years of driving experience 1 (less than 10 yrs) 25 40% 275 38% 
2 (10 to 30 yrs) 16 26% 263 36% 
3 (greater than 30 yrs) 21 34% 185 26% 
Education 
Drivers' education level 1 (less than college degree) 16 26% 101 14% 
2 (at least college degree) 27 43% 367 51% 
3 (advanced degree) 19 31% 255 35% 
Gender 
Drivers' gender 1 (Male) 30 48% 460 64% 
2 (Female) 32 52% 263 36% 
 
The most important variable identified in both trees is driver experience.  The responses from the 






years and 60% of the drivers having more than 10 years.  There is a clear distinction between 
experienced and less experienced drivers in both a non-work zone and a work zone as shown in 
Figure 64 and Figure 65 respectively.  Less experienced drivers are shown to have a higher time 
gap for both road conditions during congestion.  With these different distributions, driver 
experience data can be gathered specific to a region through a survey or from records of the 





Figure 64: Time gap based on driver experience for congested non-work zone 








Figure 65: Time gap based on driver experience for congested work zone 
For the work zone specific questions, 24% of the drivers felt uncomfortable in a work zone and 
89% of the drivers stated they changed their normal gaps between their vehicle and the vehicle in 
front due to the presence of the work zone.  This is comparable to the online national survey 
which concluded that out of the 723 participants, 30% of the drivers felt uncomfortable in a work 
zone and 80% of the drivers stated they changed their normal gaps between their vehicle and the 
vehicle in front due to the presence of the work zone.  Since these questions about comfort in a 
work zone were identified by the tree as a second layer of importance they can also be used to 
refine the time gap distribution further from driver experience.  
 
6.6 Results and Discussion 
It is hypothesized that drivers change their car-following behavior when driving through a work 
zone compared to a non-work zone.  The approach presented in this chapter focuses on exploring 






driver behavior through combining vehicle data and survey techniques to augment the model 
calibrations to improve the understanding of car-following behavior in a work zone.  This 
chapter investigated car-following behavior by looking at individual driver data collected from 
randomly selected sample size of 62 drivers alongside results of a survey completed by each 
driver.  
Using the data from an IRV, a density distribution was presented to illustrate the time gap data 
grouped by: (1) uncongested conditions and (2) congested conditions.  The density plot for 
uncongested conditions aligns almost exactly between non-work zone and work zone.  However, 
during congestion the density curve for work zone curve is shifted to the right having a higher 
time gap compared to the non-work zone.  Therefore, the macroscopic effects for the congested 
condition are further investigated to identify any driver specific changes in behavior. 
While comparing each of the participant’s individual time gap between non-work zone and work 
zone during congestion it was found that 75% of the drivers increased their time gaps 
significantly under work zones condition.  This shows that on the individual level, a large 
proportion of drivers increase their time gap due to the presence of the work zone.  This behavior 
impacts mobility as increased time gaps will ultimately reduce the capacity of a work zone 
during congestion.  However, current microsimulation models do not capture this fact. 
Survey responses from the drivers were grouped based on their choices and a decision tree was 
used to identify which questions are important in describing the time gap during congestion.  
Since we decided how the tree was divided a priori based on nominal survey responses, the tree 
was mainly used to determine which of the questions were the most important.  The most 






years and greater than 10 years.  There is a clear distinction between experienced drivers in both 
non-work zone and work zone with the less experienced drivers having an overall higher time 
gap.  This demonstrates that driver experience data can be used, gathered through a survey or 
from records of the DMV, to develop distributions of time gap for a work zone. 
Therefore, if one considers the demographics of the population in the region where the work 
zone is being constructed, one should adjust the time gap in a simulation model within the 
simulated work zone based upon the findings of the real life experiment and analysis 
demonstrated in this chapter.  This will be realized as a change in capacity for both work zone 
and non-work zone segments in simulation at the regional level.  The survey presented in this 
chapter has been validated against a national survey were the regional differences were 
insignificant.   
These findings will improve the performance of simulation models that include work zones and 
non-work zones during congested conditions.  The results identify a set of survey questions that 
can potentially guide the selection of parameters for car-fallowing models.  This will enhance 
development of new futuristic and more accurate driver behavior models, which can be used to 






CHAPTER SEVEN: CONCLUSIONS 
7.1 Conclusions 
This dissertation presents a new multidimensional psycho-physical framework for modeling car-
following based on statistical evaluation of work zone and non-work zone driver behavior.  One 
of the limitations of current car-following models is that they only account for one overall 
behavioral condition, during uncongested traffic for non-work zones.  The hypothesis that a 
driver’s car-following behavior changes when they drive through a work zone is not presently 
reflected in current car-following simulation models.   
The psycho-physical framework was selected as the basis to model the driver behavior because it 
is close in character to the Wiedemann model which is the basis for well-known traffic 
simulation software like VISSIM.  Data was collected from subjects driving an IRV equipped 
with radar and other sensors in order to calibrate the new car-following model developed in this 
work.  As part of the experimental aspects of this work a group of 64 participants drove the IRV 
through an LL set up along a work zone on I-95 near Washington D.C.  The objective of the 
experiment was to capture car-following data of random drivers as they drove on a freeway 
segment that is free of work zones and then through an active work zone.   
The car-following behavior was classified, based on the multidimensional framework, using two 
groups of data; (1) traffic conditions (uncongested and congested) and (2) roadway work zone 
conditions (non-work zone and work zone).  These two groups created four distinct categories; 
(1) congested non-work zone, (2) uncongested non-work zone, (3) congested work zone, and (4) 






Five thresholds were calculated for each of the four categories; (1) stationary distance gap, (2) 
absolute distance gap, (3) minimum distance gap, (4) car-following variation and, (5) maximum 
car-following gap.  A Weibull distribution was fitted to each of the thresholds in order to 
randomly simulate and assign different behavior to the vehicles in the model.  These 
distributions show that there is different behavior that drivers have during car-following in work 
zones and under congested traffic conditions.  Using a single car-following model with one 
overall set of threshold values may not accurately capture the drivers change in relative distance 
(  ) for specific road condition or traffic condition.   
The action-points (  ) are identified in the data as transition points in the model which 
characterize the change in relative velocity (   . There are two action-point parameters which 
are defined for each of the four categories; (1) approaching velocity, and (2) separating velocity.  
A Log-normal distribution was fitted to estimate parameters which are used to calculate the 
threshold of approaching and separating during car-following. This demonstrates that there is a 
different range for the action-point ( ) parameters due to a change in work zone road and traffic 
conditions.  Using a single model with one value for this parameter may not accurately capture 
the drivers change in relative velocity (    for specific road condition or traffic condition.   
The result of this new and multidimensional framework is presented in four models that are 
calibrated to better capture the effect of work zones on car-following behavior.  This new 
framework provides a method for simulating randomness in driver behavior for individual 
vehicles.  This can improve simulation models enabling researchers and practitioners to 
accurately simulate traffic under various conditions and in various dimensions such as work 






7.2 Original Contributions 
This dissertation presents four original and significant contributions: 
1. The first contribution is the development of a survey for analyzing how motorist alter 
their driving behavior in work zones, relative to normal freeway conditions.  This survey 
is the first questionnaire that looks into driving behavior based on car-following and 
comfort level for a work zone.  Results from this analysis indicate that most drivers are 
not comfortable when driving through a work zone.  In addition, it was found that about 
one-third of the population responded would increase the inter vehicle gap in a work 
zone.  This represents an opportunity to improve the calibration of parameters for 
simulated congested traffic scenarios, particularly work zones.  This contribution was 
presented, and included in the proceedings of the 17th International Road Federation 
World Meeting (Lochrane, Al-Deek, & Romo, Obtaining Transportation data through 
Social Media: Survey on Driver Behavior in Freeway Work Zones, 2013). 
2. The second contribution creates an experimental framework for analyzing car-following 
behavior in a work zone.  The concept of a Living Laboratory was applied to 
transportation operations research focused on capturing driver behavior in a freeway 
work zone.  This dissertation shows that the living laboratory concept can enable 
researchers to conduct research in a natural, real-world environment for evaluating 
operational performance.  The use of an Instrumented Research Vehicle (IRV) assisted in 
collecting scientific measurements of car-following behavior.  This robust and 
customized instrumented vehicle design has broad potential of being utilized in various 






various studies in transportation operations and connected vehicle research.  This 
contribution was peer reviewed and included in the conference proceedings for the 
Transportation Research Board 93
rd
 annual meeting (Lochrane, Al-Deek, Dailey, & 
Bared, 2014). This was also peer reviewed and published in the ASCE Journal of 
Transportation Engineering (Lochrane, Al-Deek, Dailey, & Bared, 2014). 
3. The third contribution presents a new framework for modeling car-following. This 
framework takes a multi-dimensional approach and allows other factors to be added to 
the model to capture more precise driver behavior and can be calibrated over time to 
capture the changing car-following behavior.  The benefit of using this new framework 
opens the door for modeling car-following behavior based on different dimensions (or 
conditions) and not based on one static model.  For example, this new framework was 
applied to work zones but another dimension can calibrate a car-following model for 
weather, traffic incidents, etc.  As such, this new framework enables modeling car-
following behavior in a multidimensional setting using calibrated data to enhance 
accuracy of predicting driver behavior in microsimulation models.  This contribution was 
submitted for peer review to the Transportation Research Board 94
th
 annual meeting 
(Lochrane, Al-Deek, Dailey, & Krause, 2014 ) and also submitted for peer review in the 
Transportation Research Part C: Enabling Technologies (Lochrane, Al-Deek, Dailey, & 
Krause, 2014). 
4. A final contribution explored driver behavior by combining vehicle data and survey 
techniques to augment the model calibrations in order to improve the understanding of 






level, a large proportion of drivers increase their time gap due to the presence of the work 
zone.  The results identify that driver’s years of driving experience is the most important 
factor that can potentially guide the calibration of parameters for car-fallowing models to 
model this behavior.  Ultimately, these findings will improve the performance of 
simulation models that include work zones and non-work zones during congested 
conditions.  This contribution was submitted for peer review to the Transportation 




























































































Principal Investigator(s):   Taylor Lochrane (HRDO) 
 
Sub-Investigator(s):    Joe Bared, Ph.D., P.E. (HRDO)     
    Jim Shurbutt, Ph.D. (HRDS)      
 
Faculty Supervisor:  Haitham Al-Deek, Ph.D., P.E.    
 
Sponsor:   U.S.DOT Federal Highway Administration / CECE Department  
 
Investigational Site(s):  Turner Fairbank Highway Research Center, McLean, VA 
 
Introduction:  Researchers at the Turner-Fairbank Highway Research Center and the University 
of Central Florida (UCF) study many topics.  To do this we need the help of people who agree to 
take part in a research study.  You are being invited to take part in a research study which will 
include about 64 people. You are volunteering to take part in this research study.  You must be 
18 years of age or older to be included in the research study.   
 
The person doing this research is Taylor Lochrane of the University of Central Florida working 
for the Federal Highway Admistration. Because the researcher is a Ph.D. graduate student he is 
being guided by Dr. Haitham Al-Deek, a UCF faculty supervisor in Civil, Environmental and 
Construction Engineering.  
 
What you should know about a research study: 
 Someone will explain this research study to you.  
 A research study is something you volunteer for.  
 Whether or not you take part is up to you. 
 You should take part in this study only because you want to.   
 You can choose not to take part in the research study.  
 You can agree to take part now and later change your mind.  






 Feel free to ask all the questions you want before you decide. 
 
Purpose of the research study:  The purpose of this study is to collect real time data from an 
instrumented vehicle traveling on a freeway and observe the behavior of the surrounding 
vehicles. There are four task that are assigned to this project.  
1. Evaluate the driver behavior  
2. Collect real time data from the instrumented vehicle traveling on a freeway 
3. Examine the data with current psycho-physical equations 
4. Develop specific thresholds parameters with real time data and the observed driving 
behavior to advance modeling and simulation of freeways 
 
What you will be asked to do in the study:  
1. On the scheduled day of the experiment, participants will meet the experimenter at the 
Turner-Fairbank Highway Research Center on the 1
st
 floor of the Turner Building at the 
security desk.  
2. The experimenter will then discuss the experiment with the participants and walk them to 
the test vehicle.  
3. The experimenter will make sure the subject is comfortable driving the vehicle and allow 
for the participants to drive around the local area to familiarize themselves with the 
vehicle prior to heading to the site. Seatbelts are REQUIRED to be fastened before the 
driver leaves the parking lot.  
4. The experimenter will show on a map the route of the scheduled drive. The experimenter 
will also provide the driver with verbal direction for the specific exits.  
5. Once the participant arrives back at Turner Fairbank Highway Research Center the 
experimenter will then guide the driver back to the parking spot.  
6. After the study day, the participant will be asked to fill out a questionnaire pertaining to 
the research through survey monkey online. These questionnaires will be used to assist 
with the mathematical modeling for this research.   
 
Location:  Participants will have to meet at the security desk in the Turner building of the 
Turner-Fairbank Highway Research Center in McLean, VA. The researchers will then meet you 
there and walk with you to the instrumented vehicle. 
 
Time required:  On the day of the experiment, we expect that you will be in this research study 
for one a 2-3 hour time frame. The questionnaires should take 15 minutes online and must be 
completed after the study. FHWA is allowing participants to volunteer for this study during their 
work hours. Participants must obtain approval from their supervisor. 
 
Audio or video taping:  You will not be audio taped during this study.  You will not be video 
taped during this study. However, there will be cameras on the vehicle recording the other 
vehicles in front and rear of the instrumented vehicle. You will not be in the video or recorded by 







Funding for this study: This research study is being fund for by the Federal Highway 
Administration Office through the Office of Operations Research and Development. 
 
Risks: There is risk relating to the participant driving the DOT instrumented vehicle on the 
highway. There is also risk for anyone driving a vehicle on the highway and the same risk also 
applies for someone renting a car. There are few steps that will be taken to minimize the 
increased risk for the participant driving a vehicle they are not used to. 
1. To ensure the safety of the driver seatbelts is required to be worn at all times and cell 
phone use is prohibited 
2. The driver will be asked to adjust the seat, steering column and mirrors in the vehicle 
3. The participant will be allowed to drive around the local roads before heading on the 
freeway to adjust themselves to the vehicle 
 
Compensation or payment:   
There is compensation for taking part in this study which is equal to $30.00 an hour.  
 
Confidentiality:  We will limit your personal data collected in this study to people who have a 
need to review this information. The survey/questionnaires data you submit will be confidential. 
We cannot promise complete secrecy. Organizations that may inspect and copy your information 
include the IRB and other representatives of UCF.  
 
Study contact for questions about the study or to report a problem: If you have questions, 
concerns, complaints or think the research has hurt you, please contact Taylor Lochrane, 
Graduate Student, Department of Civil, Environmental and Construction Engineering, University 
of Central Florida and Student Trainee, Federal Highway Administration (202) 493-3293 or Dr. 
Haitham Al-Deek, Faculty Supervisor, Department of Civil, Environmental and Construction 
Engineering, University of Central Florida at (407) 823-2988 or by email at Haitham.al-
deek@ucf.edu.  
 
IRB contact about your rights in the study or to report a complaint:    Research at the 
University of Central Florida involving human participants is carried out under the oversight of 
the Institutional Review Board (UCF IRB). This research has been reviewed and approved by the 
IRB. For information about the rights of people who take part in research, please contact: 
Institutional Review Board, University of Central Florida, Office of Research & 
Commercialization, 12201 Research Parkway, Suite 501, Orlando, FL 32826-3246 or by 
telephone at (407) 823-2901. You may also talk to them for any of the following:  
 Your questions, concerns, or complaints are not being answered by the research team. 
 You cannot reach the research team. 
 You want to talk to someone besides the research team. 
 You want to get information or provide input about this research.  
 
If you are harmed because you take part in this study: If you are injured from taking part in 
this research study, medical care will be handled like any on-the-job injury with respect to 















EXPLANATION OF RESEARCH 
Title of Project: Calibration of Driver Behavior Parameters for Freeway Modeling 
Principal Investigator: Taylor Lochrane 
 
Other Investigators: Joe Bared, Ph.D., P.E. (FHWA) 
        Brian Philips, Ph.D. (FHWA) 
 
Faculty Supervisor: Haitham Al-Deek, Ph.D., P.E. (UCF) 
 
You are being invited to take part in a research study. Whether you take part is up to you. 
 
 The purpose of this research is to collect real-time data from an instrumented vehicle for 
the calibration of freeway driver behavior in modeling and simulation. 
 
 The research will take place on a freeway located in the Washington D.C. Metro Area. 
The participants will meet at the DOT HQ office which located in Washington D.C. They 
will be asked to drive an instrumented vehicle on a freeway.  
 
 This study should not take longer than 2 hours of your time.  
 
You must be 18 years of age or older to take part in this research study. 
 
Study contact for questions about the study or to report a problem: If you have questions, 
concerns, complaints or think the research has hurt you, please contact Taylor Lochrane, 
Graduate Student, Department of Civil, Environmental and Construction Engineering, University 
of Central Florida and Student Trainee, Federal Highway Administration (202) 493-3293 or Dr. 
Haitham Al-Deek, Faculty Supervisor, Department of Civil, Environmental and Construction 
Engineering, University of Central Florida at (407) 823-2988 or by email at Haitham.Al-
Deek@ucf.edu.  
IRB contact about your rights in the study or to report a complaint:    Research at the 
University of Central Florida involving human participants is carried out under the oversight of 
the Institutional Review Board (UCF IRB). This research has been reviewed and approved by the 
IRB. For information about the rights of people who take part in research, please contact: 
Institutional Review Board, University of Central Florida, Office of Research & 
Commercialization, 12201 Research Parkway, Suite 501, Orlando, FL 32826-3246 or by 



















For the study entitled: 
“Calibration of Driver Behavior Parameters for Freeway Modeling”  
 
Dear Participant; 
During this study, you were asked to drive an instrumented vehicle on a freeway.  You were told that 
the purpose of the study was to collect video of the vehicles around your vehicle to collect behavior 
data. The actual purpose of the study was to collect your vehicle car following behavior using radar 
range devices that are hidden in the bumpers of the vehicle as you traveled through a work zone.  
We did not tell you everything about the purpose of the study because we needed you to drive 
normally and we did not want you to drive differently.  
If you have any concerns about your participation or the data you provided in light of this disclosure, 
please discuss this with us.  We will be happy to provide any information we can to help answer 
questions you have about this study.   
The responses in this study are de-identified and cannot be linked to you. 
Study contact for questions about the study or to report a problem: If you have questions, 
concerns, complaints or think the research has hurt you, please contact Taylor Lochrane, Graduate 
Student, Department of Civil, Environmental and Construction Engineering, University of Central 
Florida and Student Trainee, Federal Highway Administration (202) 493-3293 or Dr. Haitham Al-
Deek, Faculty Supervisor, Department of Civil, Environmental and Construction Engineering, 
University of Central Florida at (407) 823-2988 or by email at Haitham.Al-Deek@ucf.edu.  
IRB contact about your rights in the study or to report a complaint:    Research at the University 
of Central Florida involving human participants is carried out under the oversight of the Institutional 
Review Board (UCF IRB). This research has been reviewed and approved by the IRB. For 
information about the rights of people who take part in research, please contact: Institutional Review 
Board, University of Central Florida, Office of Research & Commercialization, 12201 Research 
Parkway, Suite 501, Orlando, FL 32826-3246 or by telephone at (407) 823-2901. 
If you have experienced distress as a result of your participation in this study, a referral list of mental 
health providers is attached to this document for your use.6 (Please remember that any cost in seeking 
medical assistance is at your own expense.) 
















The following Questionnaire is supporting Transportation Operations research at the Turner-Fairbank Highway 
Research Center (TFHRC) in partnership with the University of Central Florida (UCF). The purpose of this research 
is to collect data from questions on your specific driving behavior. This questionnaire will take approximately 15 
minutes to complete. This research will be anonymous and no identifiable data will be linked back to you. This is to 
be done on a voluntary basis and you have the right to cancel this questionnaire at any time. 




If the answer to Q1 is “a”, then you ask question 2. If not, then END SURVEY. 
 
2. A freeway is defined as "a major divided highway designed for high-speed travel, having no intersections."  
An example of a freeway is seen in the picture below.  While driving on a freeway within the past 6 months, 
did you experience any road construction on your most frequent trip?  
 
 
This photo shows an example of a vehicle driving on a Freeway in the middle lane. 
 
a) Yes  
b) No  
 













3. What kind of vehicle do you normally drive? 
a) Passenger car, 






4. How many years have you been driving? _____ 
 
5. Over the past three years, what is your average annual mileage (estimate)? 
a) Less than 9,000 
b) Between 9,000 to 12,000 
c) Between 12,000 to 15,000 
d) Between 15,000 to 18,000 
e) More than 18,000 
 
 
6. What is your gender 
a) male,  
b) female 
 
7. Which category below includes your age? 






g) 60 or older 
 
8. What is the highest level of education you have completed? 
a) Some high school 
b) High school diploma or GED 
c) Some education beyond high school but no degree 
d) College degree 
e) Some graduate or professional school but no advanced degree 
f) Advanced degree (e.g. JDS/MS/PhD) 
 
9. In what ZIP code is your current residence located? _____ 
 
10. How long have you lived at your current residence? 
a) less than 6 months,  
b) between 6 to 12 months  
c) between 1 to 5 years 
d) between 5 to 10 years 
e) more than 10 years 
 
11. How long have you resided in the city you live in? (i.e., you may have moved to your current residence but 
used to live in the same city before moving to your current address.) 
a) less than 6 months,  
b) between 6 to 12 months  
c) between 1 to 5 years 
d) between 5to 10 years 







12. What is your primary mode of transportation to work? 






13. A freeway is defined as "a major divided highway designed for high-speed travel, having no intersections."  
An example of a freeway is seen in the picture below.  In the past month, have you driven on a freeway (e.g., 
I-95, I-66, etc.)?  
 
 





14. How many one way trips per week do you make on your most traveled freeway (e.g., I-95, I-66, etc.)? 
a) Less than one a week 
b) Between 1 and 5 trips a week 
c) Between 6 and 10 trips a week 
d) More than 10 trips a week 
 


















This photo shows an example of a vehicle driving on a Freeway in the middle lane. 
 
a) Very comfortable  
b) Somewhat comfortable   
c) Not that comfortable  







17. While driving on a freeway at 55mph, how many car lengths do you usually keep between you and the 
vehicle ahead?  
 
       
Picture 1: One Car Length                               Picture 2: Two Car Lengths 
      
Picture 3: Three Car Lengths                             Picture 4: Four Car Lengths 
 
 NOTE: We will update these photos with exact measured distances once car is built. 
a) Picture 1 (one car length) 
b) Picture 2 (two car lengths) 
c) Picture 3 (three car lengths) 
d) Picture 4 (four car lengths) 
 
18. For your most frequent trip, how long did it take for you to feel comfortable driving through the work zone? 
a) Less than a week 
b) One week 
c) Over a week 
d) Over a month 
e) Never got used to it because it’s always changing   
f) I do not drive through work zones on my most frequent trip 
 
19. What most accurately describes your change when driving behind a car through a work zone compared to 
driving behind a car through a non-work zone on the freeway? (Only Select One)  
a) I follow the car in front more closely than usual.  
b) I allow more space for the car in front of me than usual 










20. Pictured below is an example of a freeway work zone.  How comfortable do you feel when driving through a 
freeway work zone?  
 
  
This photo shows an example of a vehicle driving through a Freeway Work Zone alongside a 
concrete barrier. 
 
a) Very comfortable  
b) Somewhat comfortable   
c) Not that comfortable  
d) Not at all comfortable 








21. While driving on a freeway, you enter a work zone, as pictured below. How comfortable do you feel driving 
next to construction cones?  
 
 
This photo shows an example of a vehicle driving in the left lane through a Freeway Work Zone next 
to construction cones.  
a) Very comfortable  
b) Somewhat comfortable   
c) Not that comfortable  
d) Not at all comfortable 









22. While driving on a freeway, you enter a work zone, as pictured below. How comfortable do you feel when 
driving next to construction barrels?  
 
 
This photo shows an example of a vehicle driving in the left lane through a Freeway Work Zone next 
to Construction Barrels. 
a) Very comfortable  
b) Somewhat comfortable   
c) Not that comfortable  
d) Not at all comfortable 








23. While driving on a freeway, you enter a work zone, as pictured below. How comfortable do you feel when 
driving next to a concrete barrier? 
 
 
This photo shows an example of a vehicle driving in the left lane through a Freeway Work Zone next 
to a temporary Concrete Barrier. 
 
a) Very comfortable  
b) Somewhat comfortable   
c) Not that comfortable  
d) Not at all comfortable 
e) I avoid driving next to concrete barriers 
 
24. Rank the following road side devices in order based on what you feel more comfortable driving next to in a 






















25. While driving on a freeway, you enter a work zone, as pictured below. How comfortable do you feel when 




This photo shows an example of a vehicle driving in the middle lane through a Freeway Work Zone 
where the lanes have been shifted and are marked by solid white line. 
 
a) Very comfortable  
b) Somewhat comfortable   
c) Not that comfortable  
d) Not at all comfortable 









26. While driving in a Freeway Work Zone at 55mph, how many car lengths do you usually keep between you 
and the vehicle ahead?  
 
                              
Picture 1: One Car Length                               Picture 2: Two Car Lengths 
                        
Picture 3: Three Car Lengths                              Picture 4: Four Car Lengths 
 
NOTE: We will update these photos in a work zone with exact measured distances once car is built. 
 
a) Picture 1 (one car length) 
b) Picture 2 (two car lengths) 
c) Picture 3 (three car lengths) 

























27. Rank the lanes in the order you feel more comfortable driving through a work zone with 1 being most 
comfortable and 5 being  least comfortable? 
 
  
This photo shows an example of a vehicles driving through a Freeway Work Zone with a concrete 
barrier next to the left lane.  
 
____ Outside left lane (lane #1)  
____ Center left lane (lane #2) 
____ Center lane (lane #3) 
____ Center right lane (lane #4) 









28. While driving on a Freeway in the lane #1 you enter into a work zone, as pictured below. This work zone 
has a concrete barrier located along the left edge of your lane as shown in the picture. What do you do?  
 
 
This photo shows an example of a vehicle driving through a Freeway Work Zone in the left lane next 
to a Concrete Barrier. 
 
a) I will change lanes to avoid driving next to concrete barrier. 
b) If I am unable to change lanes, I tend to drive slower and more cautiously.  








29. While driving in the center lane through a work zone, as pictured below, you encounter 
slower traffic in your lane compared to other lanes. The lane to your left is moving faster 
to your left for you to change lanes. What do you normally do?  
 
This photo is an example of traffic in a freeway work zone. 
 
a) I normally keep the with the flow of traffic and remain in the same lane  
b) I will change multiple lanes to the fastest lane available when it is safe to change lanes 
c) I will change multiple lanes to the fastest lane available when it is a risky maneuver 




















Do you own a vehicle? 
Answer Options Response Percent Response Count 
Yes 93.7% 872 
No 6.3% 59 
answered question 931 















A freeway is defined as "a major divided highway designed for high-speed travel, having 
no intersections."  An example of a freeway is seen in the picture above.  While driving on a 
freeway in your state within the past 6 months, did you experience any road construction 
on your most frequent trip? 




Yes 93.1% 791 
No 6.9% 59 
answered question 850 














What kind of vehicle do you normally drive? 




Passenger car 65.2% 498 
Sport-Utility Vehicle 20.3% 155 
Pickup 8.9% 68 
Mini-Van 3.4% 26 
Motorcycle 1.2% 9 
Other 1.0% 8 
answered question 764 





















How many years have you been driving? 






Number of years driving 19.01 14,527 764 
answered question 764 
skipped question 167 
 
  





























Over the past three years, what is your average annual mileage (estimate)? 




Less than 9,000 14.1% 108 
Between 9,000 to 12,000 30.9% 236 
Between 12,000 to 15,000 26.6% 203 
Between 15,000 to 18,000 12.2% 93 
More than 18,000 16.2% 124 
answered question 764 








Q5. OVER THE PAST THREE YEARS, WHAT 
IS YOUR AVERAGE ANNUAL MILEAGE 
(ESTIMATE)? 
Less than 9,000
Between 9,000 to 12,000
Between 12,000 to 15,000








What is your gender? 
Answer Options Response 
Percent 
Response Count 
Male 63.7% 487 
Female 36.3% 277 
answered question 764 














Which category below includes your age? 
Answer Options Response 
Percent 
Response Count 
17 or younger 0.3% 2 
18-20 2.6% 20 
21-29 43.5% 332 
30-39 16.4% 125 
40-49 14.3% 109 
50-59 16.5% 126 
60 or older 6.4% 49 
answered question 763 
























What is the highest level of education you have completed? 
Answer Options Response 
Percent 
Response Count 
Some high school 0.4% 3 
High school diploma or GED 1.4% 11 
Some education beyond high school but no degree 12.4% 95 
College degree 38.0% 290 
Some graduate or professional school but no advanced degree 12.3% 94 
Advanced degree (e.g. JDS/MS/PhD) 35.5% 271 
answered question 764 








Q8. WHAT IS THE HIGHEST LEVEL OF 
EDUCATION YOU HAVE COMPLETED?  
Some high school
High school diploma or GED
Some education beyond high
school but no degree
College degree
Some graduate or professional









In what ZIP code is your current residence located? 






ZIP code 155,327.81 118,670,448 764 
answered question 764 




Q9. IN WHAT ZIP CODE IS YOUR 








How long have you lived at your current residence? 
Answer Options Response 
Percent 
Response Count 
Less than 6 months 17.0% 130 
Between 6 to 12 months 9.2% 70 
Between 1 to 5 years 33.4% 255 
Between 5 to 10 years 16.1% 123 
More than 10 years 24.3% 186 
answered question 764 








Q10. HOW LONG HAVE YOU LIVED AT 
YOUR CURRENT RESIDENCE? 
Less than 6 months
Between 6 to 12 months
Between 1 to 5 years
Between 5 to 10 years







How long have you resided in the city you live in? (i.e., you may have moved to your current residence but 
used to live in the same city before moving to your current address) 
Answer Options Response 
Percent 
Response Count 
Less than 6 months 7.2% 55 
Between 6 to 12 months 5.0% 38 
Between 1 to 5 years 28.9% 221 
Between 5 to 10 years 17.7% 135 
More than 10 years 41.2% 315 
answered question 764 








Q11. HOW LONG HAVE YOU RESIDED IN 
THE CITY YOU LIVE IN? (I .E.,  YOU MAY 
HAVE MOVED TO YOUR CURRENT 
RESIDENCE BUT USED TO LIVE IN THE 
SAME CITY BEFORE MOVING TO YOUR 
CURRENT ADDRESS)  
Less than 6 months
Between 6 to 12 months
Between 1 to 5 years
Between 5 to 10 years







What is your primary mode of transportation to work? 
Answer Options Response 
Percent 
Response Count 
Private Vehicle 84.8% 648 
Bike 1.6% 12 
Subway 3.3% 25 
Bus 2.9% 22 
Other 7.5% 57 
If you selected "Other" and are considered a nonworker (i.e. retirees, students, 
unemployed) please specify. Otherwise continue to the next question. 
26 
answered question 764 





3% 3% 7% 
Q12. WHAT IS YOUR PRIMARY MODE OF 












A freeway is defined as "a major divided highway designed for high-speed travel, having no intersections."  
An example of a freeway is seen in the picture above.  In the past month, have you driven on a freeway in 
your state (for example I-95, I-66, etc.)? 
Answer Options Response 
Percent 
Response Count 
Yes 98.0% 749 
No 2.0% 15 
answered question 764 





Q13. A FREEWAY IS DEFINED AS "A 
MAJOR DIVIDED HIGHWAY DESIGNED FOR 
HIGH-SPEED TRAVEL, HAVING NO 
INTERSECTIONS."  AN EXAMPLE OF A 
FREEWAY IS SEEN IN THE PICTURE ABOVE.  
IN THE PAST MONTH, HAVE YOU DRIVEN 
ON A FREEWAY IN YOUR STATE (FOR 









How many one way trips per week do you make on your most traveled freeway in your state (for example, 
I-95, I-66, etc.)? 
Answer Options Response 
Percent 
Response Count 
Less than one a week 26.4% 195 
Between 1 and 5 trips a week 39.3% 291 
Between 6 and 10 trips a week 19.1% 141 
More than 10 trips a week 15.3% 113 
answered question 740 







Q14. HOW MANY ONE WAY TRIPS PER 
WEEK DO YOU MAKE ON YOUR MOST 
TRAVELED FREEWAY IN YOUR STATE (FOR 
EXAMPLE, I -95,  I -66,  ETC.)?  
Less than one a week
Between 1 and 5 trips a week
Between 6 and 10 trips a week







What is the main purpose of your most frequent trips, on a freeway in your state (for example, I-95, I-66, 
etc.)? 
Answer Options Response 
Percent 
Response Count 
Work 51.1% 378 
Shopping 10.4% 77 
Recreational 28.6% 212 
School 5.1% 38 
Other (please specify) 4.7% 35 
answered question 740 








Q15. WHAT IS THE MAIN PURPOSE OF 
YOUR MOST FREQUENT TRIPS, ON A 
FREEWAY IN YOUR STATE (FOR EXAMPLE, 












An example of a freeway is seen in the picture above.  How comfortable do you feel when driving on 
freeways? 
Answer Options Response 
Percent 
Response Count 
Very comfortable 68.4% 506 
Somewhat comfortable 26.1% 193 
Not that comfortable 5.1% 38 
Not at all comfortable 0.4% 3 
I avoid the freeway 0.0% 0 
answered question 740 







Q16. AN EXAMPLE OF A FREEWAY IS SEEN 
IN THE PICTURE ABOVE.  HOW 
COMFORTABLE DO YOU FEEL WHEN 




Not at all comfortable







While driving on a freeway at 55mph, how many car lengths do you usually keep between you  and the 
vehicle ahead? 
Answer Options Response 
Percent 
Response Count 
Picture 1 (one car length) 16.3% 123 
Picture 2 (two car length) 43.1% 325 
Picture 3 (three car length) 30.1% 227 
Picture 4 (four car length) 10.5% 79 
answered question 754 







Q17. WHILE DRIVING ON A FREEWAY AT 
55MPH, HOW MANY CAR LENGTHS DO 
YOU USUALLY KEEP BETWEEN YOU  AND 
THE VEHICLE AHEAD? 
Picture 1 (one car length)
Picture 2 (two car length)
Picture 3 (three car length)








For your most frequent trip, how long did it take for you to feel comfortable driving through the work zone? 
Answer Options Response 
Percent 
Response Count 
Less than a week 48.0% 361 
One week 11.7% 88 
Over a week 7.0% 53 
Over a month 1.9% 14 
Never got used to it because it's always changing 20.5% 154 
I do not drive through a work zone on my most frequent trip 10.9% 82 
answered question 752 








Q18. FOR YOUR MOST FREQUENT TRIP,  
HOW LONG DID IT TAKE FOR YOU TO FEEL 
COMFORTABLE DRIVING THROUGH THE 
WORK ZONE? 




Never got used to it because
it's always changing
I do not drive through a work







What most accurately describes your change when driving behind a car through a work zone compared to 
driving behind a car through a non-work zone on the freeway? (Only Select One) 
Answer Options Response 
Percent 
Response Count 
I follow the car in front more closely than usual 16.8% 126 
I allow more space for the car in front of me than usual 62.4% 469 
I do not notice a difference in my driving through a work zone 20.9% 157 
answered question 752 






Q19. WHAT MOST ACCURATELY DESCRIBES 
YOUR CHANGE WHEN DRIVING BEHIND A 
CAR THROUGH A WORK ZONE COMPARED 
TO DRIVING BEHIND A CAR THROUGH A 
NON-WORK ZONE ON THE FREEWAY? 
(ONLY SELECT ONE)  
I follow the car in front more
closely than usual
I allow more space for the car
in front of me than usual
I do not notice a difference in







Pictured above is an example of a freeway work zone.  How comfortable do you feel when driving through 
a freeway work zone? 
Answer Options Response 
Percent 
Response Count 
Very comfortable 23.3% 173 
Somewhat comfortable 46.4% 345 
Not that comfortable 23.3% 173 
Not at all comfortable 6.6% 49 
I avoid the freeway through a work zone 0.4% 3 
answered question 743 








Q20. PICTURED ABOVE IS AN EXAMPLE 
OF A FREEWAY WORK ZONE.  HOW 
COMFORTABLE DO YOU FEEL WHEN 





Not at all comfortable








While driving on a freeway, you enter a work zone as pictured above.  How comfortable do you feel 
driving next to construction cones? 
Answer Options Response 
Percent 
Response Count 
Very Comfortable 32.2% 239 
Somewhat comfortable 45.6% 339 
Not that comfortable 15.7% 117 
Not at all comfortable 5.5% 41 
I avoid driving next to cones 0.9% 7 
answered question 743 








Q21. WHILE DRIVING ON A FREEWAY, YOU 
ENTER A WORK ZONE AS PICTURED 
ABOVE.  HOW COMFORTABLE DO YOU 





Not at all comfortable







While driving on a freeway, you enter a work zone as pictured above.  How comfortable do you feel when 
driving next to construction barrels? 
Answer Options Response 
Percent 
Response Count 
Very comfortable 29.3% 218 
Somewhat comfortable 45.4% 337 
Not that comfortable 17.5% 130 
Not at all comfortable 6.7% 50 
I avoid driving next to barrels 1.1% 8 
answered question 743 








Q22. WHILE DRIVING ON A FREEWAY, 
YOU ENTER A WORK ZONE AS PICTURED 
ABOVE.  HOW COMFORTABLE DO YOU 
FEEL WHEN DRIVING NEXT TO 




Not at all comfortable







While driving on a freeway, you enter a work zone.  How comfortable do you feel when driving next to a 
temporary concrete barrier? 
Answer Options Response 
Percent 
Response Count 
Very comfortable 17.0% 126 
Somewhat comfortable 39.4% 293 
Not that comfortable 27.9% 207 
Not at all comfortable 12.5% 93 
I avoid driving next to temporary concrete barriers 3.2% 24 
answered question 743 








Q23. WHILE DRIVING ON A FREEWAY, YOU 
ENTER A WORK ZONE.  HOW 
COMFORTABLE DO YOU FEEL WHEN 
DRIVING NEXT TO A TEMPORARY 




Not at all comfortable








Rank the following road side devices in order based on what you feel more comfortable driving next to 
in a work zone with 1 being most comfortable and 3 least comfortable: 






Cones 1.61 1,198 743 
Barrels 1.90 1,411 743 
Temporary Concrete Barrier 2.47 1,832 743 
answered question 743 


























Q24. RANK THE FOLLOWING ROAD SIDE 
DEVICES IN ORDER BASED ON WHAT YOU FEEL 
MORE COMFORTABLE DRIVING NEXT TO IN A 
WORK ZONE WITH 1 BEING MOST 







While driving on a freeway, you enter a work zone, as pictured below. How comfortable do you feel when 
driving through a work zone with temporary solid white lines in place to increase driver awareness of lane 
shifting? 
Answer Options Response 
Percent 
Response Count 
Very comfortable 32.8% 244 
Somewhat comfortable 46.4% 345 
Not that comfortable 16.6% 123 
Not at all comfortable 3.9% 29 
I avoid driving the freeway when there is lane shifting 0.3% 2 
answered question 743 







Q25. WHILE DRIVING ON A FREEWAY, 
YOU ENTER A WORK ZONE, AS PICTURED 
BELOW. HOW COMFORTABLE DO YOU 
FEEL WHEN DRIVING THROUGH A WORK 
ZONE WITH TEMPORARY SOLID WHITE 
LINES IN PLACE TO INCREASE DRIVER 




Not at all comfortable
I avoid driving the freeway







While driving in a Freeway Work Zone at 55mph, how many car lengths do you usually keep between you 
and the vehicle ahead? 
Answer Options Response 
Percent 
Response Count 
Picture 1 (one car length) 7.7% 57 
Picture 2 (two car length) 41.3% 307 
Picture 3 (three car length) 38.1% 283 
Picture 4 (four car length) 12.9% 96 
answered question 743 







Q26. WHILE DRIVING IN A FREEWAY 
WORK ZONE AT 55MPH, HOW MANY CAR 
LENGTHS DO YOU USUALLY KEEP 
BETWEEN YOU AND THE VEHICLE AHEAD?  
Picture 1 (one car length)
Picture 2 (two car length)
Picture 3 (three car length)







Rank the lanes in the order you feel more comfortable driving through a work zone with 1 being most 
comfortable and 5 least comfortable? 






Outside Left lane #1 4.14 3,059 738 
Center Left lane #2 2.88 2,124 738 
Center lane #3 2.36 1,743 738 
Center Right lane #4 2.49 1,838 738 
Outside Right lane #5 2.89 2,134 738 
answered question 738 








































Q27. RANK THE LANES IN THE ORDER YOU 
FEEL MORE COMFORTABLE DRIVING THROUGH 
A WORK ZONE WITH 1 BEING MOST 







While driving on a Freeway in the left lane you enter into a work zone. This work zone has a temporary 
concrete barrier located along the edge of your lane as shown in the picture. What do you do? 
Answer Options Response 
Percent 
Response Count 
I will change lanes to avoid driving next to a temporary concrete 
barrier. 
27.5% 203 
If I am unable to change lanes, I tend to drive slower and more 
cautiously. 
42.5% 314 
I am comfortable with driving in the left lane at my current speed. 29.9% 221 
answered question 738 






Q28. WHILE DRIVING ON A FREEWAY IN 
THE LEFT LANE YOU ENTER INTO A WORK 
ZONE. THIS WORK ZONE HAS A 
TEMPORARY CONCRETE BARRIER LOCATED 
ALONG THE EDGE OF YOUR LANE AS 
SHOWN IN THE PICTURE. WHAT DO YOU 
DO? 
I will change lanes to avoid
driving next to a temporary
concrete barrier.
If I am unable to change lanes, I
tend to drive slower and more
cautiously.
I am comfortable with driving in








While driving in the center lane through a work zone, as pictured above, you encounter traffic that is 
slower than your current speed.  What do you normally do? 
Answer Options Response 
Percent 
Response Count 
I normally keep the speed of the car ahead of me, and will slow 
down and remain in the same lane 
57.0% 421 
I will change multiple lanes to be in the fastest lane available 30.9% 228 
I am uncomfortable changing lanes and will remain in the same 
lane until traffic clears 
12.1% 89 
answered question 738 






Q29. WHILE DRIVING IN THE CENTER 
LANE THROUGH A WORK ZONE, AS 
PICTURED ABOVE, YOU ENCOUNTER 
TRAFFIC THAT IS SLOWER THAN YOUR 
CURRENT SPEED.  WHAT DO YOU 
NORMALLY DO? 
I normally keep the speed of
the car ahead of me, and will
slow down and remain in the
same lane
I will change multiple lanes to
be in the fastest lane available
I am uncomfortable changing
lanes and will remain in the














Vehicle Data Summary Sheet  
Participant 1 
IRV Speed (m/s) during Car-Following 
 
           
Date 06/11/2013 
Gender Younger Female 
Peak Hour PM 
Age 23 
Logged Drive Time  00:55:05 
Logged Data Points 14,697 
Logged Objects Followed 68 
 
 
Distribution of Relative Range  
100.0% maximum 119.584 Mean 29.061731 
 
99.5%  105.553 Std Dev 20.880677 
97.5%  86.9648 Std Err Mean 0.1722385 
90.0%  61.792 Upper 95% Mean 29.39934 
75.0% quartile 34.256 Lower 95% Mean 28.724122 
50.0% median 21.536 N 14697 
25.0% quartile 15.456 Minimum 0.8 
10.0%  12.224 Maximum 119.584 
2.5%  8.544 Median 21.536 
0.5%  0.8 Mode 0.8 
0.0% minimum 0.8 Range 118.784 
Distribution of Relative Velocity 
100.0% maximum 9.9 Mean 0.6342927 
 
99.5%  7.2 Std Dev 1.7673015 
97.5%  5 Std Err Mean 0.0145779 
90.0%  2.6 Upper 95% Mean 0.6628673 
75.0% quartile 1.4 Lower 95% Mean 0.6057181 
50.0% median 0.4 N 14697 
25.0% quartile  -0.4 Minimum  -9.6 
10.0%   -1 Maximum 9.900001 
2.5%   -2.1 Median 0.4 
0.5%   -5.102 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 2 IRV Speed (m/s) during Car-Following 
 
           
Date 06/12/2013 
Gender Younger Female 
Peak Hour PM 
Age 24 
Logged Drive Time  01:15:16 
Logged Data Points 15,604 
Logged Objects Followed 106 
 
 
Distribution of Relative Range  
100.0% maximum 118.912 Mean 35.571807 
 
99.5%  113.536 Std Dev 30.920597 
97.5%  105.728 Std Err Mean 0.2475312 
90.0%  89.136 Upper 95% Mean 36.056997 
75.0% quartile 55.456 Lower 95% Mean 35.086617 
50.0% median 19.488 N 15604 
25.0% quartile 12.16 Minimum 1.76 
10.0%  9.696 Maximum 118.912 
2.5%  7.332 Median 19.488 
0.5%  1.824 Mode 1.792 
0.0% minimum 1.76 Range 117.152 
Distribution of Relative Velocity 
100.0% maximum 8 Mean  -0.17908 
 
99.5%  5.4 Std Dev 1.719437 
97.5%  3.3 Std Err Mean 0.013765 
90.0%  1.7 Upper 95% Mean  -0.15210 
75.0% quartile 0.8 Lower 95% Mean  -0.20606 
50.0% median  -0.1 N 15604 
25.0% quartile  -1.1 Minimum  -6.9 
10.0%   -2.4 Maximum 8 
2.5%   -3.8 Median  -0.1 
0.5%   -5.4 Mode  -0.3 









Vehicle Data Summary Sheet  
Participant 3 IRV Speed (m/s) during Car-Following 
 
           
Date 06/21/2013 
Gender Younger Female 
Peak Hour PM 
Age 22 
Logged Drive Time  0:55:20 
Logged Data Points 14,070 
Logged Objects Followed 75 
 
 
Distribution of Relative Range  
100.0% maximum 119.776 Mean 36.87473 
 
99.5%  112.393 Std Dev 19.71166 
97.5%  89.408 Std Err Mean 0.166179 
90.0%  64.768 Upper 95% Mean 37.20047 
75.0% quartile 44.576 Lower 95% Mean 36.549 
50.0% median 30.688 N 14070 
25.0% quartile 23.296 Minimum 2.08 
10.0%  17.984 Maximum 119.776 
2.5%  11.84 Median 30.688 
0.5%  8.736 Mode 20.928 
0.0% minimum 2.08 Range 117.696 
Distribution of Relative Velocity 
100.0% maximum 6.9 Mean  -0.22949 
 
99.5%  4.7 Std Dev 1.573588 
97.5%  2.5 Std Err Mean 0.013266 
90.0%  1.4 Upper 95% Mean  -0.20349 
75.0% quartile 0.6 Lower 95% Mean  -0.25549 
50.0% median  -0.2 N 14070 
25.0% quartile  -0.9 Minimum  -9.5 
10.0%   -1.8 Maximum 6.9 
2.5%   -4.4 Median  -0.2 
0.5%   -6.8 Mode  -0.2 









Vehicle Data Summary Sheet  
Participant 4 IRV Speed (m/s) during Car-Following 
 
           
Date 06/28/2013 
Gender Younger Female 
Peak Hour PM 
Age 24 
Logged Drive Time  0:56:35 
Logged Data Points 10,737 
Logged Objects Followed 71 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 45.91930 
 
99.5%  114.46 Std Dev 26.40521 
97.5%  107.776 Std Err Mean 0.254829 
90.0%  88 Upper 95% Mean 46.4188 
75.0% quartile 64.352 Lower 95% Mean 45.4198 
50.0% median 36.224 N 10737 
25.0% quartile 26.48 Minimum 1.92 
10.0%  19.712 Maximum 119.936 
2.5%  12.2384 Median 36.224 
0.5%  3.14048 Mode 35.68 
0.0% minimum 1.92 Range 118.016 
Distribution of Relative Velocity 
100.0% maximum 9.8 Mean  -0.06555 
 
99.5%  5.831 Std Dev 1.750768 
97.5%  3.6 Std Err Mean 0.016896 
90.0%  1.82 Upper 95% Mean  -0.03243 
75.0% quartile 0.8 Lower 95% Mean  -0.09867 
50.0% median 0 N 10737 
25.0% quartile  -1 Minimum  -7.5 
10.0%   -2.2 Maximum 9.8 
2.5%   -3.6 Median 0 
0.5%   -5.8 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 5 
IRV Speed (m/s) during Car-Following 
 
           
Date 06/20/2013 
Gender Younger Female 
Peak Hour PM 
Age 21 
Logged Drive Time  00:56:27 
Logged Data Points 17,430 
Logged Objects Followed 62 
 
 
Distribution of Relative Range  
100.0% maximum 119.904 Mean 33.50133 
 
99.5%  116.992 Std Dev 19.84276 
97.5%  103.822 Std Err Mean 0.150298 
90.0%  54.176 Upper 95% Mean 33.79593 
75.0% quartile 36.256 Lower 95% Mean 33.20673 
50.0% median 28.128 N 17430 
25.0% quartile 22.24 Minimum 7.58400 
10.0%  18.176 Maximum 119.904 
2.5%  13.952 Median 28.128 
0.5%  9.088 Mode 23.104 
0.0% minimum 7.584 Range 112.32 
Distribution of Relative Velocity 
100.0% maximum 7.9 Mean 0.13032 
 
99.5%  4.6 Std Dev 1.42414 
97.5%  3.4 Std Err Mean 0.01078 
90.0%  1.8 Upper 95% Mean 0.15147 
75.0% quartile 0.8 Lower 95% Mean 0.10918 
50.0% median 0.1 N 17430 
25.0% quartile  -0.5 Minimum  -7.9 
10.0%   -1.4 Maximum 7.9 
2.5%   -2.8 Median 0.1 
0.5%   -5 Mode  -0.1 









Vehicle Data Summary Sheet  
Participant 6 IRV Speed (m/s) during Car-Following 
 
           
Date 06/20/2013 
Gender Younger Female 
Peak Hour AM 
Age 23 
Logged Drive Time  01:13:24 
Logged Data Points 19,696 
Logged Objects Followed 112 
 
 
Distribution of Relative Range  
100.0% maximum 118.784 Mean 29.07271 
 
99.5%  107.473 Std Dev 21.32126 
97.5%  95.68 Std Err Mean 0.151923 
90.0%  55.4016 Upper 95% Mean 29.37049 
75.0% quartile 37.312 Lower 95% Mean 28.77492 
50.0% median 22.112 N 19696 
25.0% quartile 13.888 Minimum 4.192 
10.0%  10.272 Maximum 118.784 
2.5%  8.192 Median 22.112 
0.5%  5.792 Mode 11.392 
0.0% minimum 4.192 Range 114.592 
Distribution of Relative Velocity 
100.0% maximum 8.3 Mean  -0.03276 
 
99.5%  4.6 Std Dev 1.517964 
97.5%  2.8 Std Err Mean 0.010816 
90.0%  1.7 Upper 95% Mean  -0.01156 
75.0% quartile 0.8 Lower 95% Mean  -0.05396 
50.0% median 0 N 19696 
25.0% quartile  -0.8 Minimum  -8.1 
10.0%   -1.8 Maximum 8.3 
2.5%   -3.2 Median 0 
0.5%   -5.7 Mode 0.4 









Vehicle Data Summary Sheet  
Participant 7 IRV Speed (m/s) during Car-Following 
 
           
Date 06/21/2013 
Gender Younger Female 
Peak Hour AM 
Age 24 
Logged Drive Time  0:56:09 
Logged Data Points 12,566 
Logged Objects Followed 79 
 
 
Distribution of Relative Range  
100.0% maximum 119.904 Mean 42.84363 
 
99.5%  114.106 Std Dev 23.62529 
97.5%  103.834 Std Err Mean 0.210755 
90.0%  74.6976 Upper 95% Mean 43.25674 
75.0% quartile 55.84 Lower 95% Mean 42.43052 
50.0% median 36.544 N 12566 
25.0% quartile 23.584 Minimum 8.576 
10.0%  19.136 Maximum 119.904 
2.5%  14.656 Median 36.544 
0.5%  11.7387 Mode 22.208 
0.0% minimum 8.576 Range 111.328 
Distribution of Relative Velocity 
100.0% maximum 9.9 Mean 0.070746 
 
99.5%  7.2 Std Dev 1.749133 
97.5%  4.4 Std Err Mean 0.015603 
90.0%  1.9 Upper 95% Mean 0.101331 
75.0% quartile 0.9 Lower 95% Mean 0.040161 
50.0% median 0 N 12566 
25.0% quartile  -0.8 Minimum  -9.90001 
10.0%   -1.9 Maximum 9.90001 
2.5%   -3.4 Median 0 
0.5%   -4.9165 Mode 0.7 









Vehicle Data Summary Sheet  
Participant 8 
IRV Speed (m/s) during Car-Following 
 
           
Date 06/27/2013 
Gender Younger Female 
Peak Hour PM 
Age 36 
Logged Drive Time  1:06:50 
Logged Data Points 17419 
Logged Objects Followed 108 
 
 
Distribution of Relative Range  
100.0% maximum 119.68 Mean 33.14549 
 
99.5%  103.856 Std Dev 22.52477 
97.5%  90.272 Std Err Mean 0.170666 
90.0%  65.376 Upper 95% Mean 33.48001 
75.0% quartile 45.216 Lower 95% Mean 32.81097 
50.0% median 26.208 N 17419 
25.0% quartile 15.904 Minimum 2.88 
10.0%  11.136 Maximum 119.68 
2.5%  8.064 Median 26.208 
0.5%  4.0992 Mode 20.48 
0.0% minimum 2.88 Range 116.8 
Distribution of Relative Velocity 
100.0% maximum 5.3 Mean  -0.22135 
 
99.5%  3.8 Std Dev 1.459663 
97.5%  2.8 Std Err Mean 0.011059 
90.0%  1.5 Upper 95% Mean  -0.19967 
75.0% quartile 0.5 Lower 95% Mean  -0.24302 
50.0% median  -0.2 N 17419 
25.0% quartile  -0.9 Minimum  -5.9 
10.0%   -2.1 Maximum 5.3 
2.5%   -3.5 Median  -0.2 
0.5%   -4.8 Mode  -0.2 









Vehicle Data Summary Sheet  
Participant 9 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/30/2013 
Gender Younger Female 
Peak Hour PM 
Age 27 
Logged Drive Time  0:54:30 
Logged Data Points 12889 
Logged Objects Followed 53 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 32.24040 
 
99.5%  112.963 Std Dev 23.13472 
97.5%  95.584 Std Err Mean 0.203776 
90.0%  69.984 Upper 95% Mean 32.63983 
75.0% quartile 37.344 Lower 95% Mean 31.84096 
50.0% median 24.384 N 12889 
25.0% quartile 17.248 Minimum 1.824 
10.0%  11.456 Maximum 119.936 
2.5%  8.608 Median 24.384 
0.5%  3.904 Mode 26.304 
0.0% minimum 1.824 Range 118.112 
Distribution of Relative Velocity 
100.0% maximum 9.8 Mean 0.307634 
 
99.5%  6.8 Std Dev 1.630555 
97.5%  5.1 Std Err Mean 0.014362 
90.0%  2 Upper 95% Mean 0.335786 
75.0% quartile 0.7 Lower 95% Mean 0.279482 
50.0% median 0.1 N 12889 
25.0% quartile  -0.5 Minimum  -5.6 
10.0%   -1.2 Maximum 9.8 
2.5%   -2.5 Median 0.1 
0.5%   -3.6 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 10 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/10/2013 
Gender Younger Female 
Peak Hour AM 
Age 35 
Logged Drive Time  1:04:40 
Logged Data Points 15440 
Logged Objects Followed 82 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 37.25522 
 
99.5%  112.793 Std Dev 23.20898 
97.5%  97.4072 Std Err Mean 0.186780 
90.0%  71.4848 Upper 95% Mean 37.62133 
75.0% quartile 47.584 Lower 95% Mean 36.88911 
50.0% median 30.496 N 15440 
25.0% quartile 20.2 Minimum 4.832 
10.0%  13.6032 Maximum 119.936 
2.5%  9.344 Median 30.496 
0.5%  7.488 Mode 20 
0.0% minimum 4.832 Range 115.104 
Distribution of Relative Velocity 
100.0% maximum 7.8 Mean  -0.11437 
 
99.5%  4.3 Std Dev 1.581538 
97.5%  2.7 Std Err Mean 0.012727 
90.0%  1.5 Upper 95% Mean  -0.08943 
75.0% quartile 0.8 Lower 95% Mean  -0.13932 
50.0% median 0 N 15440 
25.0% quartile  -0.8 Minimum  -8.3 
10.0%   -1.9 Maximum 7.8 
2.5%   -3.5 Median 0 
0.5%   -6.7 Mode 0.2 









Vehicle Data Summary Sheet  
Participant 11 IRV Speed (m/s) during Car-Following 
 
           
Date 07/11/2013 
Gender Younger Female 
Peak Hour AM 
Age 20 
Logged Drive Time  1:16:19 
Logged Data Points 21516 
Logged Objects Followed 120 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 22.19161 
 
99.5%  112.61 Std Dev 18.75854 
97.5%  88.7752 Std Err Mean 0.127884 
90.0%  41.12 Upper 95% Mean 22.44227 
75.0% quartile 25.344 Lower 95% Mean 21.94095 
50.0% median 16.128 N 21516 
25.0% quartile 11.264 Minimum 2.176 
10.0%  8.9504 Maximum 119.968 
2.5%  5.536 Median 16.128 
0.5%  3.776 Mode 11.744 
0.0% minimum 2.176 Range 117.792 
Distribution of Relative Velocity 
100.0% maximum 9.1 Mean  -0.02182 
 
99.5%  4.8 Std Dev 1.608120 
97.5%  3.1 Std Err Mean 0.010963 
90.0%  1.6 Upper 95% Mean  -0.00033 
75.0% quartile 0.8 Lower 95% Mean  -0.04331 
50.0% median 0.1 N 21516 
25.0% quartile  -0.7 Minimum  -9.8 
10.0%   -1.8 Maximum 9.1 
2.5%   -3.5 Median 0.1 
0.5%   -6.7 Mode 0.2 









Vehicle Data Summary Sheet  
Participant 12 IRV Speed (m/s) during Car-Following 
 
           
Date 07/31/2013 
Gender Younger Female 
Peak Hour AM 
Age 25 
Logged Drive Time  0:42:00 
Logged Data Points 16012 
Logged Objects Followed 206 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 33.57301 
 
99.5%  99.1214 Std Dev 19.54381 
97.5%  81.664 Std Err Mean 0.154449 
90.0%  63.4464 Upper 95% Mean 33.87575 
75.0% quartile 41.696 Lower 95% Mean 33.27027 
50.0% median 28.288 N 16012 
25.0% quartile 21.216 Minimum 2.016 
10.0%  14.272 Maximum 119.936 
2.5%  2.816 Median 28.288 
0.5%  2.336 Mode 2.656 
0.0% minimum 2.016 Range 117.92 
Distribution of Relative Velocity 
100.0% maximum 7.5 Mean 0.068311 
 
99.5%  5.5 Std Dev 1.618245 
97.5%  3.7 Std Err Mean 0.012788 
90.0%  2 Upper 95% Mean 0.093378 
75.0% quartile 0.8 Lower 95% Mean 0.043244 
50.0% median 0.1 N 16012 
25.0% quartile  -0.7 Minimum  -7.5 
10.0%   -1.8 Maximum 7.5 
2.5%   -3.5 Median 0.1 
0.5%   -4.6 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 13 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/16/2013 
Gender Younger Female 
Peak Hour AM 
Age 19 
Logged Drive Time  01:13:45 
Logged Data Points 16795 
Logged Objects Followed 101 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 30.47125 
 
99.5%  114.785 Std Dev 24.23012 
97.5%  93.8624 Std Err Mean 0.186967 
90.0%  68.928 Upper 95% Mean 30.83772 
75.0% quartile 39.968 Lower 95% Mean 30.10477 
50.0% median 21.216 N 16795 
25.0% quartile 12.512 Minimum  -1.632 
10.0%  9.696 Maximum 119.968 
2.5%  8.096 Median 21.216 
0.5%  6.432 Mode 9.216001 
0.0% minimum  -1.632 Range 121.6 
Distribution of Relative Velocity 
100.0% maximum 9.9 Mean 0.174201 
 
99.5%  6.302 Std Dev 1.626430 
97.5%  3.5 Std Err Mean 0.012550 
90.0%  1.9 Upper 95% Mean 0.198800 
75.0% quartile 1 Lower 95% Mean 0.149601 
50.0% median 0.2 N 16795 
25.0% quartile  -0.6 Minimum  -7.6 
10.0%   -1.7 Maximum 9.900001 
2.5%   -3.2 Median 0.2 
0.5%   -5.2 Mode 0.2 









Vehicle Data Summary Sheet  
Participant 14 IRV Speed (m/s) during Car-Following 
 
           
Date 07/23/2013 
Gender Younger Female 
Peak Hour PM 
Age 25 
Logged Drive Time  1:01:49 
Logged Data Points 17711 
Logged Objects Followed 65 
 
 
Distribution of Relative Range  
100.0% maximum 117.888 Mean 28.44845 
 
99.5%  109.976 Std Dev 19.29421 
97.5%  86.5984 Std Err Mean 0.144979 
90.0%  55.392 Upper 95% Mean 28.73262 
75.0% quartile 32.672 Lower 95% Mean 28.16428 
50.0% median 22.592 N 17711 
25.0% quartile 15.904 Minimum 3.552 
10.0%  12.32 Maximum 117.888 
2.5%  9.216 Median 22.592 
0.5%  6.88 Mode 23.04 
0.0% minimum 3.552 Range 114.336 
Distribution of Relative Velocity 
100.0% maximum 9.8 Mean 0.185974 
 
99.5%  5.6 Std Dev 1.503535 
97.5%  3.7 Std Err Mean 0.011297 
90.0%  1.7 Upper 95% Mean 0.208119 
75.0% quartile 0.9 Lower 95% Mean 0.163830 
50.0% median 0.2 N 17711 
25.0% quartile  -0.6 Minimum  -9.90001 
10.0%   -1.3 Maximum 9.8 
2.5%   -2.7 Median 0.2 
0.5%   -5.7 Mode 0.3 









Vehicle Data Summary Sheet  
Participant 15 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/20/2013 
Gender Younger Female 
Peak Hour PM 
Age 27 
Logged Drive Time  1:02:10 
Logged Data Points 9976 
Logged Objects Followed 70 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 51.53375 
 
99.5%  118.816 Std Dev 31.5266 
97.5%  113.97 Std Err Mean 0.315645 
90.0%  99.232 Upper 95% Mean 52.15248 
75.0% quartile 73.504 Lower 95% Mean 50.9150 
50.0% median 48.208 N 9976 
25.0% quartile 25.032 Minimum 3.328 
10.0%  10.976 Maximum 119.968 
2.5%  7.584 Median 48.208 
0.5%  4.192 Mode 71.008 
0.0% minimum 3.328 Range 116.64 
Distribution of Relative Velocity 
100.0% maximum 9.3 Mean  -1.37721 
 
99.5%  7.6115 Std Dev 2.666024 
97.5%  3.6 Std Err Mean 0.026692 
90.0%  1.8 Upper 95% Mean  -1.32489 
75.0% quartile 0.4 Lower 95% Mean  -1.42953 
50.0% median  -1.3 N 9976 
25.0% quartile  -3.2 Minimum  -9.90001 
10.0%   -4.9 Maximum 9.3 
2.5%   -6.4 Median  -1.3 
0.5%   -9.1 Mode  -0.6 









Vehicle Data Summary Sheet  
Participant 16 IRV Speed (m/s) during Car-Following 
 
           
Date 08/28/2013 
Gender Younger Female 
Peak Hour AM 
Age 22 
Logged Drive Time  01:04:11 
Logged Data Points 20023 
Logged Objects Followed 282 
 
 
Distribution of Relative Range  
100.0% maximum 119.872 Mean 25.52536 
 
99.5%  113.408 Std Dev 21.56260 
97.5%  93.312 Std Err Mean 0.15238 
90.0%  52.6976 Upper 95% Mean 25.82404 
75.0% quartile 30.4 Lower 95% Mean 25.22667 
50.0% median 22.944 N 20023 
25.0% quartile 9.76 Minimum 0.8 
10.0%  3.84 Maximum 119.872 
2.5%  1.696 Median 22.944 
0.5%  1.056 Mode 3.488 
0.0% minimum 0.8 Range 119.072 
Distribution of Relative Velocity 
100.0% maximum 9.9 Mean 0.127328 
 
99.5%  4.5 Std Dev 1.270867 
97.5%  3 Std Err Mean 0.008981 
90.0%  1.5 Upper 95% Mean 0.144932 
75.0% quartile 0.6 Lower 95% Mean 0.109724 
50.0% median 0.1 N 20023 
25.0% quartile  -0.5 Minimum  -7.6 
10.0%   -1.2 Maximum 9.90001 
2.5%   -2.4 Median 0.1 
0.5%   -4.3 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 17 IRV Speed (m/s) during Car-Following 
 
           
Date 06/17/2013 
Gender Older Female 
Peak Hour PM 
Age 51 
Logged Drive Time  0:49:58 
Logged Data Points 12116 
Logged Objects Followed 76 
 
 
Distribution of Relative Range  
100.0% maximum 119.84 Mean 41.3269 
 
99.5%  116.866 Std Dev 24.67762 
97.5%  107.01 Std Err Mean 0.224193 
90.0%  82.304 Upper 95% Mean 41.76641 
75.0% quartile 52.344 Lower 95% Mean 40.88750 
50.0% median 34.144 N 12116 
25.0% quartile 23.712 Minimum 6.208 
10.0%  17.44 Maximum 119.84 
2.5%  11.392 Median 34.144 
0.5%  8.384 Mode 35.072 
0.0% minimum 6.208 Range 113.632 
Distribution of Relative Velocity 
100.0% maximum 7 Mean 0.334103 
 
99.5%  6.5 Std Dev 1.80130 
97.5%  4.7 Std Err Mean 0.016364 
90.0%  2.4 Upper 95% Mean 0.36618 
75.0% quartile 1.1 Lower 95% Mean 0.302026 
50.0% median 0.2 N 12116 
25.0% quartile  -0.6 Minimum  -7.3 
10.0%   -1.4 Maximum 7 
2.5%   -3.3 Median 0.2 
0.5%   -5.9 Mode  -0.4 









Vehicle Data Summary Sheet  
Participant 18 
IRV Speed (m/s) during Car-Following 
 
           
Date 06/25/2013 
Gender Older Female 
Peak Hour AM 
Age 50 
Logged Drive Time  1:10:00 
Logged Data Points 15573 
Logged Objects Followed 97 
 
 
Distribution of Relative Range  
100.0% maximum 116.832 Mean 32.47989 
 
99.5%  110.112 Std Dev 23.48887 
97.5%  84.5088 Std Err Mean 0.188224 
90.0%  66.752 Upper 95% Mean 32.84883 
75.0% quartile 49.888 Lower 95% Mean 32.11095 
50.0% median 24.608 N 15573 
25.0% quartile 12.48 Minimum 4.224 
10.0%  9.92 Maximum 116.832 
2.5%  8.64 Median 24.608 
0.5%  7.808 Mode 12.16 
0.0% minimum 4.224 Range 112.608 
Distribution of Relative Velocity 
100.0% maximum 6.3 Mean  -0.13167 
 
99.5%  4.2 Std Dev 1.436547 
97.5%  2.2 Std Err Mean 0.011511 
90.0%  1.3 Upper 95% Mean  -0.10911 
75.0% quartile 0.6 Lower 95% Mean  -0.15424 
50.0% median 0 N 15573 
25.0% quartile  -0.6 Minimum  -9.8 
10.0%   -1.8 Maximum 6.3 
2.5%   -3.2 Median 0 
0.5%   -7.9 Mode 0 









Vehicle Data Summary Sheet  
Participant 19 
IRV Speed (m/s) during Car-Following 
 
           
Date 06/24/2013 
Gender Older Female 
Peak Hour PM 
Age 48 
Logged Drive Time  1:13:31 
Logged Data Points 15841 
Logged Objects Followed 82 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 35.25515 
 
99.5%  116.512 Std Dev 27.42467 
97.5%  107.136 Std Err Mean 0.217896 
90.0%  81.888 Upper 95% Mean 35.68225 
75.0% quartile 47.68 Lower 95% Mean 34.82805 
50.0% median 24.704 N 15841 
25.0% quartile 15.2 Minimum 3.168 
10.0%  11.872 Maximum 119.968 
2.5%  8.672 Median 24.704 
0.5%  6.38144 Mode 14.176 
0.0% minimum 3.168 Range 116.8 
Distribution of Relative Velocity 
100.0% maximum 9.8 Mean  -0.48864 
 
99.5%  4.6 Std Dev 1.686005 
97.5%  2.6 Std Err Mean 0.013395 
90.0%  1.3 Upper 95% Mean  -0.46238 
75.0% quartile 0.4 Lower 95% Mean  -0.51490 
50.0% median  -0.3 N 15841 
25.0% quartile  -1.3 Minimum  -9.7 
10.0%   -2.7 Maximum 9.8 
2.5%   -4.3 Median  -0.3 
0.5%   -6.1 Mode  -0.1 









Vehicle Data Summary Sheet  
Participant 20 IRV Speed (m/s) during Car-Following 
 
           
Date 06/26/2013 
Gender Older Female 
Peak Hour PM 
Age 63 
Logged Drive Time  1:09:52 
Logged Data Points 16783 
Logged Objects Followed 88 
 
 
Distribution of Relative Range  
100.0% maximum 119.648 Mean 27.45704 
 
99.5%  108.736 Std Dev 22.75594 
97.5%  97.7152 Std Err Mean 0.175654 
90.0%  60.608 Upper 95% Mean 27.80134 
75.0% quartile 33.824 Lower 95% Mean 27.11274 
50.0% median 20.512 N 16783 
25.0% quartile 12.192 Minimum 0.8 
10.0%  5.984 Maximum 119.648 
2.5%  2.016 Median 20.512 
0.5%  0.8 Mode 0.8 
0.0% minimum 0.8 Range 118.848 
Distribution of Relative Velocity 
100.0% maximum 6.3 Mean  -0.15913 
 
99.5%  4.4 Std Dev 1.622224 
97.5%  3.1 Std Err Mean 0.012522 
90.0%  1.7 Upper 95% Mean  -0.13459 
75.0% quartile 0.7 Lower 95% Mean  -0.18368 
50.0% median  -0.1 N 16783 
25.0% quartile  -0.9 Minimum  -7.7 
10.0%   -2.2 Maximum 6.3 
2.5%   -3.9 Median  -0.1 
0.5%   -5.6 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 21 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/02/2013 
Gender Older Female 
Peak Hour PM 
Age 51 
Logged Drive Time  0:51:53 
Logged Data Points 18874 
Logged Objects Followed 456 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 41.49136 
 
99.5%  115.488 Std Dev 22.9459 
97.5%  103.232 Std Err Mean 0.167022 
90.0%  77.776 Upper 95% Mean 41.8187 
75.0% quartile 51.808 Lower 95% Mean 41.16398 
50.0% median 33.92 N 18874 
25.0% quartile 24.832 Minimum 1.408 
10.0%  19.904 Maximum 119.936 
2.5%  14.976 Median 33.92 
0.5%  1.912 Mode 1.44 
0.0% minimum 1.408 Range 118.528 
Distribution of Relative Velocity 
100.0% maximum 9.9 Mean  -0.04783 
 
99.5%  5.1 Std Dev 1.656298 
97.5%  3.2 Std Err Mean 0.012056 
90.0%  1.8 Upper 95% Mean  -0.02420 
75.0% quartile 0.8 Lower 95% Mean  -0.07146 
50.0% median 0 N 18874 
25.0% quartile  -0.9 Minimum  -9.3 
10.0%   -2 Maximum 9.900001 
2.5%   -3.5 Median 0 
0.5%   -5.5 Mode 0.2 









Vehicle Data Summary Sheet  
Participant 22 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/23/2013 
Gender Older Female 
Peak Hour AM 
Age 66 
Logged Drive Time  01:23:41 
Logged Data Points 23127 
Logged Objects Followed 113 
 
 
Distribution of Relative Range  
100.0% maximum 119.776 Mean 26.60529 
 
99.5%  106.944 Std Dev 21.81844 
97.5%  90.432 Std Err Mean 0.14347 
90.0%  60.2304 Upper 95% Mean 26.88650 
75.0% quartile 30.72 Lower 95% Mean 26.32408 
50.0% median 17.632 N 23127 
25.0% quartile 12.128 Minimum 2.304 
10.0%  9.536 Maximum 119.776 
2.5%  7.36 Median 17.632 
0.5%  4.096 Mode 10.944 
0.0% minimum 2.304 Range 117.472 
Distribution of Relative Velocity 
100.0% maximum 7.9 Mean  -0.13831 
 
99.5%  3.8 Std Dev 1.457167 
97.5%  2.8 Std Err Mean 0.009581 
90.0%  1.5 Upper 95% Mean  -0.11953 
75.0% quartile 0.7 Lower 95% Mean  -0.1571 
50.0% median 0 N 23127 
25.0% quartile  -0.9 Minimum  -8.7 
10.0%   -1.9 Maximum 7.9 
2.5%   -3.6 Median 0 
0.5%   -4.8 Mode 0 









Vehicle Data Summary Sheet  
Participant 23 IRV Speed (m/s) during Car-Following 
 
           
Date 08/12/2013 
Gender Older Female 
Peak Hour PM 
Age 70 
Logged Drive Time  0:54:25 
Logged Data Points 8676 
Logged Objects Followed 89 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 50.08555 
 
99.5%  116.694 Std Dev 25.6969 
97.5%  106.501 Std Err Mean 0.275881 
90.0%  89.3216 Upper 95% Mean 50.62634 
75.0% quartile 67.84 Lower 95% Mean 49.54475 
50.0% median 44.416 N 8676 
25.0% quartile 29.44 Minimum 1.088 
10.0%  22.048 Maximum 119.968 
2.5%  13.76 Median 44.416 
0.5%  3.04496 Mode 39.776 
0.0% minimum 1.088 Range 118.88 
Distribution of Relative Velocity 
100.0% maximum 8.8 Mean  -0.25775 
 
99.5%  5.1615 Std Dev 2.142133 
97.5%  3.4 Std Err Mean 0.022997 
90.0%  2.3 Upper 95% Mean  -0.21267 
75.0% quartile 1.3 Lower 95% Mean  -0.30283 
50.0% median  -0.1 N 8676 
25.0% quartile  -1.5 Minimum  -8.1 
10.0%   -3 Maximum 8.8 
2.5%   -4.8 Median  -0.1 
0.5%   -7.2 Mode 1.6 









Vehicle Data Summary Sheet  
Participant 24 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/09/2013 
Gender Older Female 
Peak Hour PM 
Age 54 
Logged Drive Time  1:05:41 
Logged Data Points 15899 
Logged Objects Followed 94 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 40.81272 
 
99.5%  116.688 Std Dev 27.34299 
97.5%  110.912 Std Err Mean 0.216850 
90.0%  84.16 Upper 95% Mean 41.23778 
75.0% quartile 52.096 Lower 95% Mean 40.38767 
50.0% median 34.464 N 15899 
25.0% quartile 20.064 Minimum 0.8 
10.0%  12.192 Maximum 119.968 
2.5%  7.2 Median 34.464 
0.5%  0.8 Mode 0.8 
0.0% minimum 0.8 Range 119.168 
Distribution of Relative Velocity 
100.0% maximum 6.1 Mean  -0.66006 
 
99.5%  4 Std Dev 2.014639 
97.5%  2.9 Std Err Mean 0.015977 
90.0%  1.7 Upper 95% Mean  -0.62874 
75.0% quartile 0.6 Lower 95% Mean  -0.69137 
50.0% median  -0.5 N 15899 
25.0% quartile  -1.8 Minimum  -9.90001 
10.0%   -3.2 Maximum 6.1 
2.5%   -5.5 Median  -0.5 
0.5%   -7.6 Mode  -0.6 









Vehicle Data Summary Sheet  
Participant 25 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/29/2013 
Gender Older Female 
Peak Hour PM 
Age 63 
Logged Drive Time  0:52:13 
Logged Data Points 15788 
Logged Objects Followed 51 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 39.47345 
 
99.5%  109.954 Std Dev 20.75561 
97.5%  91.0168 Std Err Mean 0.165185 
90.0%  69.536 Upper 95% Mean 39.79723 
75.0% quartile 49.984 Lower 95% Mean 39.14967 
50.0% median 34.368 N 15788 
25.0% quartile 23.104 Minimum 4.512 
10.0%  17.44 Maximum 119.936 
2.5%  14.912 Median 34.368 
0.5%  12.6365 Mode 16.992 
0.0% minimum 4.512 Range 115.424 
Distribution of Relative Velocity 
100.0% maximum 9.9 Mean 0.203293 
 
99.5%  5.8 Std Dev 1.655873 
97.5%  3.8 Std Err Mean 0.013178 
90.0%  2.2 Upper 95% Mean 0.229124 
75.0% quartile 1 Lower 95% Mean 0.177462 
50.0% median 0 N 15788 
25.0% quartile  -0.7 Minimum  -9 
10.0%   -1.5 Maximum 9.90001 
2.5%   -2.6 Median 0 
0.5%   -4.4 Mode  -0.4 









Vehicle Data Summary Sheet  
Participant 26 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/15/2013 
Gender Older Female 
Peak Hour AM 
Age 46 
Logged Drive Time  1:10:37 
Logged Data Points 14558 
Logged Objects Followed 96 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 31.22970 
 
99.5%  111.117 Std Dev 23.67400 
97.5%  101.921 Std Err Mean 0.196209 
90.0%  59.1712 Upper 95% Mean 31.61429 
75.0% quartile 39.68 Lower 95% Mean 30.84510 
50.0% median 27.648 N 14558 
25.0% quartile 12.928 Minimum 1.664 
10.0%  9.312 Maximum 119.968 
2.5%  2.848 Median 27.648 
0.5%  2.816 Mode 2.848 
0.0% minimum 1.664 Range 118.304 
Distribution of Relative Velocity 
100.0% maximum 6.3 Mean 0.157130 
 
99.5%  4.4 Std Dev 1.343341 
97.5%  2.9025 Std Err Mean 0.011133 
90.0%  1.7 Upper 95% Mean 0.178953 
75.0% quartile 0.8 Lower 95% Mean 0.135306 
50.0% median 0.1 N 14558 
25.0% quartile  -0.4 Minimum  -7.7 
10.0%   -1.3 Maximum 6.3 
2.5%   -2.8 Median 0.1 
0.5%   -4.7 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 27 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/15/2013 
Gender Older Female 
Peak Hour PM 
Age 70 
Logged Drive Time  01:07:32 
Logged Data Points 14528 
Logged Objects Followed 90 
 
 
Distribution of Relative Range  
100.0% maximum 119.904 Mean 38.04241 
 
99.5%  112.768 Std Dev 28.58246 
97.5%  103.545 Std Err Mean 0.237135 
90.0%  85.2512 Upper 95% Mean 38.50725 
75.0% quartile 55.608 Lower 95% Mean 37.57762 
50.0% median 29.696 N 14528 
25.0% quartile 12.928 Minimum 5.728 
10.0%  10.496 Maximum 119.904 
2.5%  8.736 Median 29.696 
0.5%  7.232 Mode 10.336 
0.0% minimum 5.728 Range 114.176 
Distribution of Relative Velocity 
100.0% maximum 8.4 Mean  -0.85943 
 
99.5%  3.3 Std Dev 2.009709 
97.5%  2.2 Std Err Mean 0.016673 
90.0%  1.3 Upper 95% Mean  -0.82674 
75.0% quartile 0.4 Lower 95% Mean  -0.89211 
50.0% median  -0.5 N 14528 
25.0% quartile  -1.8 Minimum  -9.90001 
10.0%   -3.5 Maximum 8.40001 
2.5%   -5.978 Median  -0.5 
0.5%   -7.7 Mode  -0.2 









Vehicle Data Summary Sheet  
Participant 28 IRV Speed (m/s) during Car-Following 
 
           
Date 07/16/2013 
Gender Older Female 
Peak Hour PM 
Age 62 
Logged Drive Time  1:07:34 
Logged Data Points 16674 
Logged Objects Followed 74 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 35.21380 
 
99.5%  114.132 Std Dev 27.69905 
97.5%  101.728 Std Err Mean 0.214508 
90.0%  78.976 Upper 95% Mean 35.63426 
75.0% quartile 51.264 Lower 95% Mean 34.79334 
50.0% median 21.6 N 16674 
25.0% quartile 13.536 Minimum 2.208 
10.0%  10.176 Maximum 119.968 
2.5%  8.352 Median 21.6 
0.5%  2.988 Mode 9.152 
0.0% minimum 2.208 Range 117.76 
Distribution of Relative Velocity 
100.0% maximum 7.8 Mean 0.018867 
 
99.5%  5.2 Std Dev 1.383326 
97.5%  2.6 Std Err Mean 0.010712 
90.0%  1.5 Upper 95% Mean 0.03986 
75.0% quartile 0.7 Lower 95% Mean  -0.00213 
50.0% median 0.1 N 16674 
25.0% quartile  -0.6 Minimum  -7.6 
10.0%   -1.6 Maximum 7.8 
2.5%   -3.1 Median 0.1 
0.5%   -4.1 Mode 0 









Vehicle Data Summary Sheet  
Participant 29 IRV Speed (m/s) during Car-Following 
 
           
Date 07/18/2013 
Gender Older Female 
Peak Hour PM 
Age 60 
Logged Drive Time   
Logged Data Points  
Logged Objects Followed  
 
 
Distribution of Relative Range  
100.0% maximum 116.256 Mean 29.65693 
 
99.5%  106.143 Std Dev 20.3117 
97.5%  93.9136 Std Err Mean 0.146575 
90.0%  53.696 Upper 95% Mean 29.94423 
75.0% quartile 36.704 Lower 95% Mean 29.36963 
50.0% median 24.096 N 19203 
25.0% quartile 15.808 Minimum 2.016 
10.0%  10.24 Maximum 116.256 
2.5%  7.84 Median 24.096 
0.5%  4.608 Mode 10.368 
0.0% minimum 2.016 Range 114.24 
Distribution of Relative Velocity 
100.0% maximum 7.6 Mean  -0.1760 
 
99.5%  3.4 Std Dev 1.329202 
97.5%  2.3 Std Err Mean 0.009591 
90.0%  1.3 Upper 95% Mean  -0.15723 
75.0% quartile 0.6 Lower 95% Mean  -0.19483 
50.0% median  -0.1 N 19203 
25.0% quartile  -0.8 Minimum  -9.6 
10.0%   -1.8 Maximum 7.6 
2.5%   -3.5 Median  -0.1 
0.5%   -4.7 Mode  -0.1 









Vehicle Data Summary Sheet  
Participant 30 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/18/2013 
Gender Older Female 
Peak Hour AM 
Age 57 
Logged Drive Time   
Logged Data Points  
Logged Objects Followed  
 
 
Distribution of Relative Range  
100.0% maximum 119.776 Mean 32.26350 
 
99.5%  107.493 Std Dev 22.22601 
97.5%  95.744 Std Err Mean 0.178144 
90.0%  58.624 Upper 95% Mean 32.6126 
75.0% quartile 43.168 Lower 95% Mean 31.91432 
50.0% median 30.976 N 15566 
25.0% quartile 13.344 Minimum 0.8 
10.0%  8.896 Maximum 119.776 
2.5%  3.9736 Median 30.976 
0.5%  2.4 Mode 9.312 
0.0% minimum 0.8 Range 118.976 
Distribution of Relative Velocity 
100.0% maximum 8.4 Mean  -0.26108 
 
99.5%  4 Std Dev 1.492215 
97.5%  2.4 Std Err Mean 0.011960 
90.0%  1.3 Upper 95% Mean  -0.23764 
75.0% quartile 0.6 Lower 95% Mean  -0.28453 
50.0% median  -0.2 N 15566 
25.0% quartile  -0.9 Minimum  -7.6 
10.0%   -1.8 Maximum 8.40001 
2.5%   -4 Median  -0.2 
0.5%   -6.3 Mode  -0.1 









Vehicle Data Summary Sheet  
Participant 31 IRV Speed (m/s) during Car-Following 
 
           
Date 08/27/2013 
Gender Older Female 
Peak Hour PM 
Age 64 
Logged Drive Time  00:58:30 
Logged Data Points 10616 
Logged Objects Followed 77 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 49.06748 
 
99.5%  117.341 Std Dev 25.507 
97.5%  106.29 Std Err Mean 0.247567 
90.0%  89.8336 Upper 95% Mean 49.55276 
75.0% quartile 66.976 Lower 95% Mean 48.58220 
50.0% median 41.952 N 10616 
25.0% quartile 28.608 Minimum 5.728 
10.0%  22.304 Maximum 119.968 
2.5%  15.3232 Median 41.952 
0.5%  11.2054 Mode 23.616 
0.0% minimum 5.728 Range 114.24 
Distribution of Relative Velocity 
100.0% maximum 9.9 Mean  -0.27165 
 
99.5%  5.6 Std Dev 2.010091 
97.5%  3.3 Std Err Mean 0.01950 
90.0%  1.8 Upper 95% Mean  -0.23341 
75.0% quartile 0.9 Lower 95% Mean  -0.30989 
50.0% median 0 N 10616 
25.0% quartile  -1.2 Minimum  -9.2 
10.0%   -2.7 Maximum 9.90001 
2.5%   -5.2 Median 0 
0.5%   -6.892 Mode 0 









Vehicle Data Summary Sheet  
Participant 32 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/29/2013 
Gender Older Female 
Peak Hour PM 
Age 57 
Logged Drive Time  00:46:14 
Logged Data Points 16063 
Logged Objects Followed 377 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 39.72028 
 
99.5%  110.529 Std Dev 20.27806 
97.5%  94.944 Std Err Mean 0.159997 
90.0%  67.584 Upper 95% Mean 40.03389 
75.0% quartile 48.704 Lower 95% Mean 39.40666 
50.0% median 35.072 N 16063 
25.0% quartile 25.184 Minimum 6.62401 
10.0%  19.104 Maximum 119.968 
2.5%  13.8752 Median 35.072 
0.5%  10.7405 Mode 26.304 
0.0% minimum 6.624 Range 113.344 
Distribution of Relative Velocity 
100.0% maximum 9.6 Mean 0.345122 
 
99.5%  5.9 Std Dev 1.84591 
97.5%  4.8 Std Err Mean 0.014564 
90.0%  2.8 Upper 95% Mean 0.373670 
75.0% quartile 1.2 Lower 95% Mean 0.316574 
50.0% median 0.1 N 16063 
25.0% quartile  -0.7 Minimum  -9.2 
10.0%   -1.5 Maximum 9.6 
2.5%   -2.9 Median 0.1 
0.5%   -5.8 Mode  -0.3 









Vehicle Data Summary Sheet  
Participant 34 IRV Speed (m/s) during Car-Following 
 
           
Date 07/19/2013 
Gender Younger Male 
Peak Hour PM 
Age 18 
Logged Drive Time  0:10:14 
Logged Data Points 2968 
Logged Objects Followed 13 
 
 
Distribution of Relative Range  
100.0% maximum 118.528 Mean 40.30304 
 
99.5%  116.2 Std Dev 26.81020 
97.5%  105.664 Std Err Mean 0.492116 
90.0%  87.392 Upper 95% Mean 41.26796 
75.0% quartile 54.424 Lower 95% Mean 39.33811 
50.0% median 33.056 N 2968 
25.0% quartile 19.328 Minimum 8.64 
10.0%  14.0448 Maximum 118.528 
2.5%  11.4312 Median 33.056 
0.5%  9.2872 Mode 13.984 
0.0% minimum 8.64 Range 109.888 
Distribution of Relative Velocity 
100.0% maximum 5.2 Mean  -0.00569 
 
99.5%  4.9 Std Dev 1.922442 
97.5%  4 Std Err Mean 0.035287 
90.0%  2.1 Upper 95% Mean 0.063496 
75.0% quartile 1.2 Lower 95% Mean  -0.07488 
50.0% median 0.1 N 2968 
25.0% quartile  -1.1 Minimum  -5.4 
10.0%   -2.81 Maximum 5.2 
2.5%   -3.8 Median 0.1 
0.5%   -4.2 Mode 0.4 









Vehicle Data Summary Sheet  
Participant 35 
IRV Speed (m/s) during Car-Following 
 
           
Date 06/19/2013 
Gender Younger Male 
Peak Hour PM 
Age 42 
Logged Drive Time  0:53:45 
Logged Data Points 12541 
Logged Objects Followed 81 
 
 
Distribution of Relative Range  
100.0% maximum 119.93 Mean 44.03319 
 
99.5%  116.23 Std Dev 27.12270 
97.5%  108.75 Std Err Mean 0.242196 
90.0%  87.353 Upper 95% Mean 44.50793 
75.0% quartile 57.456 Lower 95% Mean 43.55845 
50.0% median 38.272 N 12541 
25.0% quartile 22.992 Minimum 1.344 
10.0%  13.728 Maximum 119.936 
2.5%  10.208 Median 38.272 
0.5%  8.8227 Mode 66.592 
0.0% minimum 1.344 Range 118.592 
Distribution of Relative Velocity 
100.0% maximum 9.7 Mean 0.091380 
 
99.5%  4.9 Std Dev 1.549115 
97.5%  3.2 Std Err Mean 0.01383 
90.0%  2 Upper 95% Mean 0.118495 
75.0% quartile 0.9 Lower 95% Mean 0.064265 
50.0% median 0.1 N 12541 
25.0% quartile  -0.8 Minimum  -6.7 
10.0%   -1.6 Maximum 9.7 
2.5%   -3.5 Median 0.1 
0.5%   -4.6 Mode 0.4 









Vehicle Data Summary Sheet  
Participant 36 
IRV Speed (m/s) during Car-Following 
 
           
Date 06/24/2013 
Gender Younger Male 
Peak Hour AM 
Age 21 
Logged Drive Time  0:58:43 
Logged Data Points 14112 
Logged Objects Followed 77 
 
 
Distribution of Relative Range  
100.0% maximum 119.904 Mean 26.55890 
 
99.5%  104.832 Std Dev 20.53356 
97.5%  87.84 Std Err Mean 0.172850 
90.0%  53.632 Upper 95% Mean 26.89771 
75.0% quartile 32.352 Lower 95% Mean 26.22009 
50.0% median 23.856 N 14112 
25.0% quartile 15.304 Minimum 0.928 
10.0%  1.6 Maximum 119.904 
2.5%  1.536 Median 23.856 
0.5%  1.312 Mode 1.568 
0.0% minimum 0.928 Range 118.976 
Distribution of Relative Velocity 
100.0% maximum 6.9 Mean 0.332759 
 
99.5%  4.9 Std Dev 1.584733 
97.5%  3.9 Std Err Mean 0.013340 
90.0%  2.4 Upper 95% Mean 0.358907 
75.0% quartile 1 Lower 95% Mean 0.306610 
50.0% median 0.1 N 14112 
25.0% quartile  -0.3 Minimum  -9.8 
10.0%   -1.5 Maximum 6.9 
2.5%   -3.1 Median 0.1 
0.5%   -4.044 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 37 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/24/2013 
Gender Younger Male 
Peak Hour PM 
Age 24 
Logged Drive Time  00:48:23 
Logged Data Points 12327 
Logged Objects Followed 57 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 33.71637 
 
99.5%  112.759 Std Dev 21.14258 
97.5%  90.9376 Std Err Mean 0.190427 
90.0%  66.784 Upper 95% Mean 34.08963 
75.0% quartile 39.936 Lower 95% Mean 33.34310 
50.0% median 27.04 N 12327 
25.0% quartile 20.416 Minimum 2.752 
10.0%  14.368 Maximum 119.936 
2.5%  9.344 Median 27.04 
0.5%  3.44448 Mode 27.008 
0.0% minimum 2.752 Range 117.184 
Distribution of Relative Velocity 
100.0% maximum 8.6 Mean 0.418098 
 
99.5%  6.8 Std Dev 1.5174 
97.5%  3.7 Std Err Mean 0.013667 
90.0%  2.3 Upper 95% Mean 0.444888 
75.0% quartile 1.2 Lower 95% Mean 0.391308 
50.0% median 0.2 N 12327 
25.0% quartile  -0.6 Minimum  -5.7 
10.0%   -1.2 Maximum 8.6 
2.5%   -2.1 Median 0.2 
0.5%   -3.1 Mode 0 









Vehicle Data Summary Sheet  
Participant 38 IRV Speed (m/s) during Car-Following 
 
           
Date 07/11/2013 
Gender Younger Male 
Peak Hour PM 
Age 23 
Logged Drive Time  1:11:39 
Logged Data Points 23752 
Logged Objects Followed 97 
 
 
Distribution of Relative Range  
100.0% maximum 108.16 Mean 22.92484 
 
99.5%  98.1176 Std Dev 15.42424 
97.5%  70.9176 Std Err Mean 0.100081 
90.0%  40.032 Upper 95% Mean 23.12101 
75.0% quartile 27.136 Lower 95% Mean 22.7286 
50.0% median 19.488 N 23752 
25.0% quartile 12.608 Minimum 1.12 
10.0%  9.568 Maximum 108.16 
2.5%  7.36 Median 19.488 
0.5%  4.48 Mode 9.79201 
0.0% minimum 1.12 Range 107.04 
Distribution of Relative Velocity 
100.0% maximum 7.5 Mean 0.251296 
 
99.5%  4.624 Std Dev 1.188338 
97.5%  2.7 Std Err Mean 0.007710 
90.0%  1.6 Upper 95% Mean 0.266410 
75.0% quartile 0.8 Lower 95% Mean 0.236183 
50.0% median 0.2 N 23752 
25.0% quartile  -0.3 Minimum  -6.7 
10.0%   -1.1 Maximum 7.5 
2.5%   -2.1 Median 0.2 
0.5%   -3.3 Mode 0 









Vehicle Data Summary Sheet  
Participant 39 IRV Speed (m/s) during Car-Following 
 
           
Date 08/23/2013 
Gender Younger Male 
Peak Hour AM 
Age 20 
Logged Drive Time  1:04:36 
Logged Data Points 18195 
Logged Objects Followed 93 
 
 
Distribution of Relative Range  
100.0% maximum 119.872 Mean 35.35932 
 
99.5%  107.203 Std Dev 19.92532 
97.5%  84.896 Std Err Mean 0.147716 
90.0%  61.024 Upper 95% Mean 35.64886 
75.0% quartile 47.936 Lower 95% Mean 35.06978 
50.0% median 30.848 N 18195 
25.0% quartile 19.808 Minimum 5.376 
10.0%  13.216 Maximum 119.872 
2.5%  9.952 Median 30.848 
0.5%  8.512 Mode 17.312 
0.0% minimum 5.376 Range 114.496 





5.9 Mean  -0.09912 
 
99.5%  4.5 Std Dev 1.368973 
97.5%  2.5 Std Err Mean 0.010148 
90.0%  1.4 Upper 95% Mean  -0.07922 
75.0% quartile 0.6 Lower 95% Mean  -0.11901 
50.0% median  -0.1 N 18195 
25.0% quartile  -0.7 Minimum  -7.4 
10.0%   -1.7 Maximum 5.9 
2.5%   -3 Median  -0.1 
0.5%   -5.1 Mode 0 









Vehicle Data Summary Sheet  
Participant 40 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/23/2013 
Gender Younger Male 
Peak Hour AM 
Age 20 
Logged Drive Time  0:53:27 
Logged Data Points 15029 
Logged Objects Followed 62 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 36.7907 
 
99.5%  108.96 Std Dev 18.7859 
97.5%  83.488 Std Err Mean 0.153238 
90.0%  66.944 Upper 95% Mean 37.09110 
75.0% quartile 44.096 Lower 95% Mean 36.49037 
50.0% median 30.944 N 15029 
25.0% quartile 22.976 Minimum 7.84 
10.0%  19.52 Maximum 119.968 
2.5%  15.136 Median 30.944 
0.5%  11.968 Mode 22.112 
0.0% minimum 7.84 Range 112.128 
Distribution of Relative Velocity 
100.0% maximum 7.8 Mean 0.248439 
 
99.5%  5 Std Dev 1.400061 
97.5%  3.7 Std Err Mean 0.011420 
90.0%  2 Upper 95% Mean 0.270825 
75.0% quartile 0.9 Lower 95% Mean 0.226054 
50.0% median 0.2 N 15029 
25.0% quartile  -0.6 Minimum  -8.7 
10.0%   -1.3 Maximum 7.8 
2.5%   -2.3 Median 0.2 
0.5%   -3.6 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 41 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/26/2013 
Gender Younger Male 
Peak Hour AM 
Age 22 
Logged Drive Time  0:51:59 
Logged Data Points 10033 
Logged Objects Followed 53 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 45.0922 
 
99.5%  114.282 Std Dev 22.02703 
97.5%  99.9728 Std Err Mean 0.219907 
90.0%  78.2592 Upper 95% Mean 45.52329 
75.0% quartile 55.968 Lower 95% Mean 44.66116 
50.0% median 37.728 N 10033 
25.0% quartile 30.816 Minimum 2.176 
10.0%  24.2688 Maximum 119.968 
2.5%  14.4272 Median 37.728 
0.5%  6.41632 Mode 36.8 
0.0% minimum 2.176 Range 117.792 
Distribution of Relative Velocity 
100.0% maximum 9.9 Mean 0.272241 
 
99.5%  5.6 Std Dev 1.62519 
97.5%  3.4 Std Err Mean 0.016225 
90.0%  2.2 Upper 95% Mean 0.304046 
75.0% quartile 1.1 Lower 95% Mean 0.240436 
50.0% median 0.2 N 10033 
25.0% quartile  -0.5 Minimum  -9.90001 
10.0%   -1.4 Maximum 9.90001 
2.5%   -3.3 Median 0.2 
0.5%   -4.783 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 42 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/30/2013 
Gender Younger Male 
Peak Hour AM 
Age 28 
Logged Drive Time  1:10:33 
Logged Data Points 19172 
Logged Objects Followed 94 
 
 
Distribution of Relative Range  
100.0% maximum 119.776 Mean 28.2419 
 
99.5%  97.8646 Std Dev 17.92851 
97.5%  77.4936 Std Err Mean 0.129482 
90.0%  50.4 Upper 95% Mean 28.49569 
75.0% quartile 36.448 Lower 95% Mean 27.98810 
50.0% median 24.208 N 19172 
25.0% quartile 14.944 Minimum 3.072 
10.0%  10.624 Maximum 119.776 
2.5%  8.224 Median 24.208 
0.5%  4.7317 Mode 9.152 
0.0% minimum 3.072 Range 116.704 
Distribution of Relative Velocity 
100.0% maximum 9.8 Mean 0.242885 
 
99.5%  7.3 Std Dev 1.488701 
97.5%  4.1 Std Err Mean 0.010751 
90.0%  1.8 Upper 95% Mean 0.263959 
75.0% quartile 0.8 Lower 95% Mean 0.221811 
50.0% median 0.1 N 19172 
25.0% quartile  -0.6 Minimum  -5.3 
10.0%   -1.3 Maximum 9.8 
2.5%   -2.4 Median 0.1 
0.5%   -3.7 Mode 0 









Vehicle Data Summary Sheet  
Participant 44 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/09/2013 
Gender Younger Male 
Peak Hour AM 
Age 26 
Logged Drive Time  0:49:47 
Logged Data Points 7769 
Logged Objects Followed 66 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 48.28063 
 
99.5%  112.298 Std Dev 25.26265 
97.5%  100.728 Std Err Mean 0.286613 
90.0%  86.048 Upper 95% Mean 48.84247 
75.0% quartile 66.304 Lower 95% Mean 47.71879 
50.0% median 45.6 N 7769 
25.0% quartile 27.376 Minimum 5.92 
10.0%  17.44 Maximum 119.936 
2.5%  12.64 Median 45.6 
0.5%  10.6512 Mode 17.248 
0.0% minimum 5.92 Range  
Distribution of Relative Velocity 
100.0% maximum 7.2 Mean 0.406847 
 
99.5%  6.3 Std Dev 2.072093 
97.5%  4.8 Std Err Mean 0.023508 
90.0%  2.8 Upper 95% Mean 0.452930 
75.0% quartile 1.5 Lower 95% Mean 0.360764 
50.0% median 0.5 N 7769 
25.0% quartile  -0.6 Minimum  -9 
10.0%   -2 Maximum 7.2 
2.5%   -4.6 Median 0.5 
0.5%   -7.4 Mode 0.2 









Vehicle Data Summary Sheet  
Participant 45 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/25/2013 
Gender Younger Male 
Peak Hour AM 
Age 21 
Logged Drive Time  00:51:44 
Logged Data Points 9536 
Logged Objects Followed 67 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 36.75461 
 
99.5%  111.9 Std Dev 25.18912 
97.5%  100.818 Std Err Mean 0.257946 
90.0%  77.4496 Upper 95% Mean 37.26024 
75.0% quartile 49.208 Lower 95% Mean 36.24898 
50.0% median 30.912 N 9536 
25.0% quartile 18.56 Minimum 0.672001 
10.0%  10.784 Maximum 119.968 
2.5%  2.7656 Median 30.912 
0.5%  0.8 Mode 0.8 
0.0% minimum 0.672 Range 119.296 
Distribution of Relative Velocity 
100.0% maximum 9.9 Mean 0.522367 
 
99.5%  7.2 Std Dev 1.897028 
97.5%  4.4 Std Err Mean 0.019426 
90.0%  2.8 Upper 95% Mean 0.560447 
75.0% quartile 1.6 Lower 95% Mean 0.484288 
50.0% median 0.4 N 9536 
25.0% quartile  -0.7 Minimum  -8.3 
10.0%   -1.6 Maximum 9.90001 
2.5%   -3.1 Median 0.4 
0.5%   -5 Mode  -0.7 









Vehicle Data Summary Sheet  
Participant 46 IRV Speed (m/s) during Car-Following 
 
           
Date 08/05/2013 
Gender Younger Male 
Peak Hour PM 
Age 30 
Logged Drive Time  0:55:31 
Logged Data Points 15428 
Logged Objects Followed 58 
 
 
Distribution of Relative Range  
100.0% maximum 119.96 Mean 35.71439 
 
99.5%  115.99 Std Dev 21.08866 
97.5%  94.298 Std Err Mean 0.16978 
90.0%  67.203 Upper 95% Mean 36.04719 
75.0% quartile 41.568 Lower 95% Mean 35.38160 
50.0% median 28.96 N 15428 
25.0% quartile 21.632 Minimum 3.52 
10.0%  17.184 Maximum 119.968 
2.5%  13.152 Median 28.96 
0.5%  8.3566 Mode 26.624 
0.0% minimum 3.52 Range 116.448 
Distribution of Relative Velocity 
100.0% maximum 7.7 Mean 0.451231 
 
99.5%  6.3 Std Dev 1.532618 
97.5%  4.8 Std Err Mean 0.01233 
90.0%  2.2 Upper 95% Mean 0.475417 
75.0% quartile 1 Lower 95% Mean 0.427045 
50.0% median 0.3 N 15428 
25.0% quartile  -0.4 Minimum  -8.7 
10.0%   -1.1 Maximum 7.7 
2.5%   -2.3 Median 0.3 
0.5%   -3.7 Mode 0.4 









Vehicle Data Summary Sheet  
Participant 47 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/26/2013 
Gender Younger Male 
Peak Hour PM 
Age 27 
Logged Drive Time  0:55:57 
Logged Data Points 12496 
Logged Objects Followed 69 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 37.37214 
 
99.5%  112.001 Std Dev 22.40290 
97.5%  98.5784 Std Err Mean 0.200409 
90.0%  71.5936 Upper 95% Mean 37.76497 
75.0% quartile 44.352 Lower 95% Mean 36.97930 
50.0% median 31.44 N 12496 
25.0% quartile 23.2 Minimum 1.408 
10.0%  15.328 Maximum 119.936 
2.5%  9.2616 Median 31.44 
0.5%  3.136 Mode 15.936 
0.0% minimum 1.408 Range 118.528 
Distribution of Relative Velocity 
100.0% maximum 6.9 Mean 0.494942 
 
99.5%  5.352 Std Dev 1.531582 
97.5%  4.2 Std Err Mean 0.013701 
90.0%  2.7 Upper 95% Mean 0.521798 
75.0% quartile 1.1 Lower 95% Mean 0.468086 
50.0% median 0.2 N 12496 
25.0% quartile  -0.3 Minimum  -6.9 
10.0%   -1 Maximum 6.9 
2.5%   -2.2 Median 0.2 
0.5%   -4.152 Mode 0 









Vehicle Data Summary Sheet  
Participant 48 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/13/2013 
Gender Younger Male 
Peak Hour PM 
Age 22 
Logged Drive Time  0:52:46 
Logged Data Points 13641 
Logged Objects Followed 63 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 38.55704 
 
99.5%  110.745 Std Dev 21.53766 
97.5%  92.0272 Std Err Mean 0.184406 
90.0%  72.4352 Upper 95% Mean 38.91850 
75.0% quartile 48.768 Lower 95% Mean 38.19557 
50.0% median 30.688 N 13641 
25.0% quartile 23.968 Minimum 4.672 
10.0%  18.528 Maximum 119.968 
2.5%  11.1056 Median 30.688 
0.5%  8.704 Mode 25.568 
0.0% minimum 4.672 Range 115.296 
Distribution of Relative Velocity 
100.0% maximum 9 Mean 0.356095 
 
99.5%  6.1 Std Dev 1.747458 
97.5%  4.095 Std Err Mean 0.014961 
90.0%  2.6 Upper 95% Mean 0.385422 
75.0% quartile 1.1 Lower 95% Mean 0.326768 
50.0% median 0.3 N 13641 
25.0% quartile  -0.6 Minimum  -9.90001 
10.0%   -1.4 Maximum 9 
2.5%   -3.4 Median 0.3 
0.5%   -5.2 Mode 0.2 









Vehicle Data Summary Sheet  
Participant 49 IRV Speed (m/s) during Car-Following 
 
           
Date 06/18/2013 
Gender Older Male 
Peak Hour AM 
Age 71 
Logged Drive Time  1:21:40 
Logged Data Points 18343 
Logged Objects Followed 123 
 
 
Distribution of Relative Range  
100.0% maximum 119.91 Mean 29.4531 
 
99.5%  106.95 Std Dev 22.8676 
97.5%  86.221 Std Err Mean 0.1688 
90.0%  62.612 Upper 95% Mean 29.7841 
75.0% quartile 42.304 Lower 95% Mean 29.1222 
50.0% median 20.8 N 18343 
25.0% quartile 11.904 Minimum 0.928 
10.0%  9.44 Maximum 119.904 
2.5%  5.5872 Median 20.8 
0.5%  1.568 Mode 22.24 
0.0% minimum 0.928 Range 118.976 
Distribution of Relative Velocity 
100.0% maximum 7.8 Mean  -0.13800 
 
99.5%  4.1 Std Dev 1.653343 
97.5%  2.6 Std Err Mean 0.012207 
90.0%  1.6 Upper 95% Mean  -0.11407 
75.0% quartile 0.7 Lower 95% Mean  -0.16193 
50.0% median 0.1 N 18343 
25.0% quartile  -0.7 Minimum  -9.5 
10.0%   -2.3 Maximum 7.8 
2.5%   -4.5 Median 0.1 
0.5%   -6.73 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 50 
IRV Speed (m/s) during Car-Following 
 
           
Date 06/19/2013 
Gender Older Male 
Peak Hour AM 
Age 55 
Logged Drive Time  01:13:46 
Logged Data Points 22532 
Logged Objects Followed 125 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 30.7358 
 
99.5%  117.899 Std Dev 23.5466 
97.5%  93.7392 Std Err Mean 0.15686 
90.0%  66.3584 Upper 95% Mean 31.0433 
75.0% quartile 41.152 Lower 95% Mean 30.4284 
50.0% median 22.304 N 22532 
25.0% quartile 14.176 Minimum 1.344 
10.0%  9.76 Maximum 119.968 
2.5%  2.912 Median 22.304 
0.5%  1.472 Mode 1.472 
0.0% minimum 1.344 Range 118.624 
Distribution of Relative Velocity 
100.0% maximum 8 Mean  -0.2545 
 
99.5%  4.6 Std Dev 1.69126 
97.5%  3.4 Std Err Mean 0.01126 
90.0%  1.7 Upper 95% Mean  -0.2324 
75.0% quartile 0.6 Lower 95% Mean  -0.2765 
50.0% median  -0.1 N 22532 
25.0% quartile  -1.1 Minimum  -8.3 
10.0%   -2.5 Maximum 8 
2.5%   -3.9 Median  -0.1 
0.5%   -5 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 51 IRV Speed (m/s) during Car-Following 
 
           
Date 06/26/2013 
Gender Older Male 
Peak Hour AM 
Age 48 
Logged Drive Time  1:34:34 
Logged Data Points 24117 
Logged Objects Followed 138 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 17.95412 
 
99.5%  105.581 Std Dev 16.24853 
97.5%  70.208 Std Err Mean 0.104629 
90.0%  36.48 Upper 95% Mean 18.15920 
75.0% quartile 17.76 Lower 95% Mean 17.74904 
50.0% median 12.512 N 24117 
25.0% quartile 9.824 Minimum 2.144 
10.0%  8.608 Maximum 119.936 
2.5%  5.76 Median 12.512 
0.5%  3.808 Mode 9.024 
0.0% minimum 2.144 Range 117.792 
Distribution of Relative Velocity 
100.0% maximum 6.8 Mean 0.053704 
 
99.5%  4 Std Dev 1.360830 
97.5%  2.8 Std Err Mean 0.008762 
90.0%  1.3 Upper 95% Mean 0.070880 
75.0% quartile 0.7 Lower 95% Mean 0.036529 
50.0% median 0.1 N 24117 
25.0% quartile  -0.5 Minimum  -8.7 
10.0%   -1.3 Maximum 6.8 
2.5%   -2.9 Median 0.1 
0.5%   -6.7 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 52 IRV Speed (m/s) during Car-Following 
 
           
Date 06/27/2013 
Gender Older Male 
Peak Hour AM 
Age 48 
Logged Drive Time  0:59:54 
Logged Data Points 11167 
Logged Objects Followed 78 
 
 
Distribution of Relative Range  
100.0% maximum 118.752 Mean 37.91193 
 
99.5%  111.973 Std Dev 22.77943 
97.5%  101.024 Std Err Mean 0.215563 
90.0%  66.272 Upper 95% Mean 38.33448 
75.0% quartile 49.984 Lower 95% Mean 37.48939 
50.0% median 34.24 N 11167 
25.0% quartile 20.864 Minimum 4.608 
10.0%  11.104 Maximum 118.752 
2.5%  9.184 Median 34.24 
0.5%  8.512 Mode 11.776 
0.0% minimum 4.608 Range 114.144 
Distribution of Relative Velocity 
100.0% maximum 8.9 Mean 0.132685 
 
99.5%  7.216 Std Dev 1.759368 
97.5%  4.1 Std Err Mean 0.01664 
90.0%  1.9 Upper 95% Mean 0.165320 
75.0% quartile 1 Lower 95% Mean 0.100050 
50.0% median 0.1 N 11167 
25.0% quartile  -0.8 Minimum  -8.8 
10.0%   -1.7 Maximum 8.90001 
2.5%   -3.5 Median 0.1 
0.5%   -6 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 53 
IRV Speed (m/s) during Car-Following 
 
           
Date 06/25/2013 
Gender Older Male 
Peak Hour PM 
Age 50 
Logged Drive Time  1:06:05 
Logged Data Points 17280 
Logged Objects Followed 105 
 
 
Distribution of Relative Range  
100.0% maximum 119.488 Mean 36.61121 
 
99.5%  109.254 Std Dev 27.07214 
97.5%  99.2952 Std Err Mean 0.205944 
90.0%  84.064 Upper 95% Mean 37.01489 
75.0% quartile 49.92 Lower 95% Mean 36.20754 
50.0% median 28.192 N 17280 
25.0% quartile 15.08 Minimum 1.632 
10.0%  9.6032 Maximum 119.488 
2.5%  4.0968 Median 28.192 
0.5%  2.336 Mode 2.368 
0.0% minimum 1.632 Range 117.856 
Distribution of Relative Velocity 
100.0% maximum 7.8 Mean  -0.40254 
 
99.5%  4.4 Std Dev 1.87131 
97.5%  2.8 Std Err Mean 0.01423 
90.0%  1.7 Upper 95% Mean  -0.37464 
75.0% quartile 0.8 Lower 95% Mean  -0.4304 
50.0% median  -0.3 N 17280 
25.0% quartile  -1.4 Minimum  -8.5 
10.0%   -2.7 Maximum 7.8 
2.5%   -5.1 Median  -0.3 
0.5%   -6.4 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 54 IRV Speed (m/s) during Car-Following 
 
           
Date 07/29/2013 
Gender Older Male 
Peak Hour AM 
Age 60 
Logged Drive Time  0:56:12 
Logged Data Points 11701 
Logged Objects Followed 54 
 
 
Distribution of Relative Range  
100.0% maximum 119.904 Mean 42.14712 
 
99.5%  115.04 Std Dev 19.04623 
97.5%  97.6896 Std Err Mean 0.17607 
90.0%  64.0256 Upper 95% Mean 42.49226 
75.0% quartile 51.856 Lower 95% Mean 41.8019 
50.0% median 39.968 N 11701 
25.0% quartile 28.064 Minimum 1.6 
10.0%  21.28 Maximum 119.904 
2.5%  14.1936 Median 39.968 
0.5%  5.376 Mode 19.808 
0.0% minimum 1.6 Range 118.304 
Distribution of Relative Velocity 
100.0% maximum 7.9 Mean 0.224929 
 
99.5%  5.1 Std Dev 1.600633 
97.5%  3.5 Std Err Mean 0.014797 
90.0%  2.1 Upper 95% Mean 0.253934 
75.0% quartile 1.2 Lower 95% Mean 0.195924 
50.0% median 0.2 N 11701 
25.0% quartile  -0.8 Minimum  -9.90001 
10.0%   -1.6 Maximum 7.9 
2.5%   -2.9 Median 0.2 
0.5%   -5 Mode 0.4 









Vehicle Data Summary Sheet  
Participant 55 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/26/2013 
Gender Older Male 
Peak Hour PM 
Age 71 
Logged Drive Time  01:09:06 
Logged Data Points 18483 
Logged Objects Followed 89 
 
 
Distribution of Relative Range  
100.0% maximum 119.04 Mean 43.16740 
 
99.5%  112.659 Std Dev 25.38851 
97.5%  101.341 Std Err Mean 0.186745 
90.0%  82.08 Upper 95% Mean 43.5334 
75.0% quartile 58.784 Lower 95% Mean 42.80136 
50.0% median 36.768 N 18483 
25.0% quartile 23.744 Minimum 1.92 
10.0%  13.824 Maximum 119.04 
2.5%  9.0272 Median 36.768 
0.5%  3.3734 Mode 34.624 
0.0% minimum 1.92 Range 117.12 
Distribution of Relative Velocity 
100.0% maximum 5.6 Mean  -0.47455 
 
99.5%  3.8 Std Dev 1.70840 
97.5%  2.6 Std Err Mean 0.012566 
90.0%  1.5 Upper 95% Mean  -0.44991 
75.0% quartile 0.6 Lower 95% Mean  -0.49918 
50.0% median  -0.3 N 18483 
25.0% quartile  -1.4 Minimum  -8.1 
10.0%   -2.6 Maximum 5.6 
2.5%   -4.4 Median  -0.3 
0.5%   -6.6 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 56 IRV Speed (m/s) during Car-Following 
 
           
Date 08/30/2013 
Gender Older Male 
Peak Hour PM 
Age 67 
Logged Drive Time  1:00:34 
Logged Data Points 12828 
Logged Objects Followed 88 
 
 
Distribution of Relative Range  
100.0% maximum 119.808 Mean 45.72898 
 
99.5%  116.727 Std Dev 24.55890 
97.5%  106.514 Std Err Mean 0.216835 
90.0%  77.888 Upper 95% Mean 46.1540 
75.0% quartile 56.832 Lower 95% Mean 45.30395 
50.0% median 43.296 N 12828 
25.0% quartile 29.984 Minimum 1.44 
10.0%  14.08 Maximum 119.808 
2.5%  9.152 Median 43.296 
0.5%  4.352 Mode 43.296 
0.0% minimum 1.44 Range 118.368 
Distribution of Relative Velocity 
100.0% maximum 9.3 Mean  -0.14173 
 
99.5%  6.671 Std Dev 2.116153 
97.5%  4.5 Std Err Mean 0.018683 
90.0%  2.4 Upper 95% Mean  -0.10511 
75.0% quartile 0.9 Lower 95% Mean  -0.1783 
50.0% median  -0.1 N 12828 
25.0% quartile  -1.4 Minimum  -9.6 
10.0%   -2.6 Maximum 9.3 
2.5%   -4.4 Median  -0.1 
0.5%   -5.7 Mode 0.6 









Vehicle Data Summary Sheet  
Participant 57 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/09/2013 
Gender Older Male 
Peak Hour AM 
Age 49 
Logged Drive Time  1:20:10 
Logged Data Points 16898 
Logged Objects Followed 101 
 
 
Distribution of Relative Range  
100.0% maximum 119.744 Mean 31.75823 
 
99.5%  115.92 Std Dev 24.96230 
97.5%  101.568 Std Err Mean 0.192029 
90.0%  71.0432 Upper 95% Mean 32.13463 
75.0% quartile 38.432 Lower 95% Mean 31.38183 
50.0% median 22.72 N 16898 
25.0% quartile 14.176 Minimum 0.672001 
10.0%  9.984 Maximum 119.744 
2.5%  7.3752 Median 22.72 
0.5%  2.816 Mode 53.28 
0.0% minimum 0.672 Range 119.072 
Distribution of Relative Velocity 
100.0% maximum 9.7 Mean 0.11103 
 
99.5%  4.5 Std Dev 1.413420 
97.5%  3.3 Std Err Mean 0.010873 
90.0%  1.6 Upper 95% Mean 0.132337 
75.0% quartile 0.7 Lower 95% Mean 0.089713 
50.0% median 0.1 N 16898 
25.0% quartile  -0.5 Minimum  -8.5 
10.0%   -1.2 Maximum 9.7 
2.5%   -2.7 Median 0.1 
0.5%   -5.7 Mode 0 









Vehicle Data Summary Sheet  
Participant 58 
IRV Speed (m/s) during Car-Following 
 
           
Date 07/25/2013 
Gender Older Male 
Peak Hour PM 
Age 69 
Logged Drive Time  0:56:14 
Logged Data Points 11535 
Logged Objects Followed 66 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 52.72713 
 
99.5%  115.498 Std Dev 25.93597 
97.5%  107.334 Std Err Mean 0.24148 
90.0%  92.256 Upper 95% Mean 53.20049 
75.0% quartile 68.992 Lower 95% Mean 52.25378 
50.0% median 50.688 N 11535 
25.0% quartile 31.552 Minimum 6.464 
10.0%  20.064 Maximum 119.936 
2.5%  14.2528 Median 50.688 
0.5%  9.28 Mode 38.976 
0.0% minimum 6.464 Range 113.472 
Distribution of Relative Velocity 
100.0% maximum 9.9 Mean  -0.72917 
 
99.5%  6.1 Std Dev 1.986022 
97.5%  3.8 Std Err Mean 0.018491 
90.0%  1.1 Upper 95% Mean  -0.69292 
75.0% quartile 0.3 Lower 95% Mean  -0.76541 
50.0% median  -0.6 N 11535 
25.0% quartile  -1.6 Minimum  -8.40001 
10.0%   -3.1 Maximum 9.90001 
2.5%   -5.4 Median  -0.6 
0.5%   -7.1 Mode  -0.8 









Vehicle Data Summary Sheet  
Participant 59 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/08/2013 
Gender Older Male 
Peak Hour PM 
Age 67 
Logged Drive Time  0:49:26 
Logged Data Points 21402 
Logged Objects Followed 239 
 
 
Distribution of Relative Range  
100.0% maximum 119.872 Mean 29.32040 
 
99.5%  102.752 Std Dev 17.51587 
97.5%  85.8856 Std Err Mean 0.119730 
90.0%  49.664 Upper 95% Mean 29.55508 
75.0% quartile 35.04 Lower 95% Mean 29.08572 
50.0% median 25.632 N 21402 
25.0% quartile 18.016 Minimum 5.248 
10.0%  11.136 Maximum 119.872 
2.5%  9.152 Median 25.632 
0.5%  8.416 Mode 22.624 
0.0% minimum 5.248 Range 114.624 
Distribution of Relative Velocity 
100.0% maximum 9.2 Mean 0.179824 
 
99.5%  5.7 Std Dev 1.327521 
97.5%  3.1925 Std Err Mean 0.009074 
90.0%  1.6 Upper 95% Mean 0.197610 
75.0% quartile 0.7 Lower 95% Mean 0.16203 
50.0% median 0.1 N 21402 
25.0% quartile  -0.4 Minimum  -9.90001 
10.0%   -1.1 Maximum 9.2 
2.5%   -2.3 Median 0.1 
0.5%   -4.5 Mode 0.2 









Vehicle Data Summary Sheet  
Participant 60 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/07/2013 
Gender Older Male 
Peak Hour PM 
Age 70 
Logged Drive Time  0:45:54 
Logged Data Points 17026 
Logged Objects Followed 450 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 40.39864 
 
99.5%  113.216 Std Dev 26.06054 
97.5%  101.45 Std Err Mean 0.199722 
90.0%  82.4 Upper 95% Mean 40.7901 
75.0% quartile 53.472 Lower 95% Mean 40.0071 
50.0% median 34.208 N 17026 
25.0% quartile 20.224 Minimum 0.928 
10.0%  12.288 Maximum 119.968 
2.5%  5.7176 Median 34.208 
0.5%  1.504 Mode 44.576 
0.0% minimum 0.928 Range 119.04 
Distribution of Relative Velocity 
100.0% maximum 9.8 Mean 0.308252 
 
99.5%  7.9 Std Dev 1.809392 
97.5%  4.4 Std Err Mean 0.013866 
90.0%  2.4 Upper 95% Mean 0.335432 
75.0% quartile 1.1 Lower 95% Mean 0.281071 
50.0% median 0.2 N 17026 
25.0% quartile  -0.7 Minimum  -9.5 
10.0%   -1.6 Maximum 9.8 
2.5%   -3.2 Median 0.2 
0.5%   -4.5 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 61 IRV Speed (m/s) during Car-Following 
 
           
Date 08/14/2013 
Gender Older Male 
Peak Hour AM 
Age 51 
Logged Drive Time  0:47:39 
Logged Data Points 17331 
Logged Objects Followed 381 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 33.78838 
 
99.5%  112.939 Std Dev 18.98654 
97.5%  89.184 Std Err Mean 0.144222 
90.0%  61.664 Upper 95% Mean 34.07107 
75.0% quartile 37.28 Lower 95% Mean 33.50569 
50.0% median 28.992 N 17331 
25.0% quartile 21.984 Minimum 4.896 
10.0%  16.448 Maximum 119.968 
2.5%  11.2416 Median 28.992 
0.5%  8.08512 Mode 20.032 
0.0% minimum 4.896 Range 115.072 
Distribution of Relative Velocity 
100.0% maximum 9.5 Mean 0.240234 
 
99.5%  6.7 Std Dev 1.616771 
97.5%  3.9 Std Err Mean 0.012281 
90.0%  2.2 Upper 95% Mean 0.264306 
75.0% quartile 0.9 Lower 95% Mean 0.216162 
50.0% median 0.1 N 17331 
25.0% quartile  -0.6 Minimum  -8.90001 
10.0%   -1.4 Maximum 9.5 
2.5%   -2.7 Median 0.1 
0.5%   -4.6 Mode 0 









Vehicle Data Summary Sheet  
Participant 62 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/21/2013 
Gender Older Male 
Peak Hour AM 
Age 46 
Logged Drive Time  0:56:57 
Logged Data Points 12818 
Logged Objects Followed 60 
 
 
Distribution of Relative Range  
100.0% maximum 119.936 Mean 42.96684 
 
99.5%  108.986 Std Dev 19.06967 
97.5%  94.8664 Std Err Mean 0.168435 
90.0%  64.3232 Upper 95% Mean 43.29701 
75.0% quartile 53.224 Lower 95% Mean 42.6366 
50.0% median 40.032 N 12818 
25.0% quartile 28.064 Minimum 2.336 
10.0%  22.24 Maximum 119.936 
2.5%  17.184 Median 40.032 
0.5%  3.232 Mode 37.728 
0.0% minimum 2.336 Range 117.6 
Distribution of Relative Velocity 
100.0% maximum 7.1 Mean  -0.22236 
 
99.5%  3.9 Std Dev 1.313871 
97.5%  2.2 Std Err Mean 0.011604 
90.0%  1.2 Upper 95% Mean  -0.1996 
75.0% quartile 0.6 Lower 95% Mean  -0.24511 
50.0% median  -0.1 N 12818 
25.0% quartile  -0.9 Minimum  -5.5 
10.0%   -1.8 Maximum 7.1 
2.5%   -3.1 Median  -0.1 
0.5%   -4.6 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 63 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/08/2013 
Gender Older Male 
Peak Hour AM 
Age 47 
Logged Drive Time  0:49:33 
Logged Data Points 14180 
Logged Objects Followed 295 
 
 
Distribution of Relative Range  
100.0% maximum 119.872 Mean 45.14334 
 
99.5%  115.456 Std Dev 22.9744 
97.5%  103.232 Std Err Mean 0.192933 
90.0%  82.2976 Upper 95% Mean 45.52151 
75.0% quartile 53.952 Lower 95% Mean 44.76516 
50.0% median 39.296 N 14180 
25.0% quartile 28.704 Minimum 5.792 
10.0%  21.248 Maximum 119.872 
2.5%  16.416 Median 39.296 
0.5%  13.821 Mode 31.968 
0.0% minimum 5.792 Range 114.08 
Distribution of Relative Velocity 
100.0% maximum 9.5 Mean  -0.03728 
 
99.5%  5.5 Std Dev 1.981989 
97.5%  4 Std Err Mean 0.016644 
90.0%  2.1 Upper 95% Mean  -0.00466 
75.0% quartile 1 Lower 95% Mean  -0.06991 
50.0% median 0 N 14180 
25.0% quartile  -0.9 Minimum  -9.2 
10.0%   -2.4 Maximum 9.5 
2.5%   -4.7 Median 0 
0.5%   -6.5 Mode 0.1 









Vehicle Data Summary Sheet  
Participant 64 
IRV Speed (m/s) during Car-Following 
 
           
Date 08/27/2013 
Gender Older Male 
Peak Hour AM 
Age 58 
Logged Drive Time  0:50:55 
Logged Data Points 13000 
Logged Objects Followed 71 
 
 
Distribution of Relative Range  
100.0% maximum 108.64 Mean 41.1552 
 
99.5%  100.352 Std Dev 19.37412 
97.5%  87.52 Std Err Mean 0.169922 
90.0%  71.3888 Upper 95% Mean 41.48830 
75.0% quartile 51.488 Lower 95% Mean 40.82215 
50.0% median 35.776 N 13000 
25.0% quartile 26.88 Minimum 6.592 
10.0%  21.056 Maximum 108.64 
2.5%  15.648 Median 35.776 
0.5%  10.241 Mode 30.592 
0.0% minimum 6.592 Range 102.048 
Distribution of Relative Velocity 
100.0% maximum 8.7 Mean 0.026023 
 
99.5%  5.9 Std Dev 1.638732 
97.5%  4.1 Std Err Mean 0.014372 
90.0%  1.8 Upper 95% Mean 0.054195 
75.0% quartile 0.8 Lower 95% Mean  -0.00214 
50.0% median 0 N 13000 
25.0% quartile  -0.8 Minimum  -7.1 
10.0%   -1.9 Maximum 8.7 
2.5%   -3.2 Median 0 
0.5%   -4.3 Mode  -0.5 









Vehicle Data Summary Sheet  
Participant 65 IRV Speed (m/s) during Car-Following 
 
           
Date 08/29/2013 
Gender Younger Male 
Peak Hour AM 
Age 24 
Logged Drive Time  0:53:43 
Logged Data Points 13313 
Logged Objects Followed 81 
 
 
Distribution of Relative Range  
100.0% maximum 118.528 Mean 36.8284 
 
99.5%  107.118 Std Dev 22.56240 
97.5%  96.5488 Std Err Mean 0.195545 
90.0%  68.7552 Upper 95% Mean 37.21175 
75.0% quartile 50.96 Lower 95% Mean 36.44516 
50.0% median 29.632 N 13313 
25.0% quartile 20.096 Minimum 1.664 
10.0%  14.72 Maximum 118.528 
2.5%  9.76 Median 29.632 
0.5%  1.952 Mode 21.76 
0.0% minimum 1.664 Range 116.864 
Distribution of Relative Velocity 
100.0% maximum 8.8 Mean 0.896124 
 
99.5%  7.7 Std Dev 1.874388 
97.5%  5.1 Std Err Mean 0.016245 
90.0%  3.3 Upper 95% Mean 0.927966 
75.0% quartile 1.9 Lower 95% Mean 0.864281 
50.0% median 0.6 N 13313 
25.0% quartile  -0.2 Minimum  -7.8 
10.0%   -1.06 Maximum 8.8 
2.5%   -2.4 Median 0.6 
0.5%   -3.643 Mode 0 









Vehicle Data Summary Sheet  
Participant 66 IRV Speed (m/s) during Car-Following 
 
           
Date 08/30/2013 
Gender Younger Male 
Peak Hour AM 
Age 27 
Logged Drive Time  00:46:38 
Logged Data Points 14253 
Logged Objects Followed 322 
 
 
Distribution of Relative Range  
100.0% maximum 119.968 Mean 41.20202 
 
99.5%  116.224 Std Dev 23.83543 
97.5%  103.05 Std Err Mean 0.199650 
90.0%  77.824 Upper 95% Mean 41.59336 
75.0% quartile 53.904 Lower 95% Mean 40.81068 
50.0% median 32.96 N 14253 
25.0% quartile 23.232 Minimum 4.128 
10.0%  18.208 Maximum 119.968 
2.5%  13.568 Median 32.96 
0.5%  9.80064 Mode 21.632 
0.0% minimum 4.128 Range 115.84 
Distribution of Relative Velocity 
100.0% maximum 9.9 Mean 0.87729 
 
99.5%  9.073 Std Dev 2.186391 
97.5%  6.9 Std Err Mean 0.018313 
90.0%  3.7 Upper 95% Mean 0.913193 
75.0% quartile 1.7 Lower 95% Mean 0.841398 
50.0% median 0.5 N 14253 
25.0% quartile  -0.4 Minimum  -9.40001 
10.0%   -1.2 Maximum 9.90001 
2.5%   -2.7 Median 0.5 
0.5%   -3.8 Mode 0.4 















Car-Following Data Summary Sheet 
Participant 2 IRV Speed (m/s) during Car-Following 
 
Date 06/12/2013 
Gender Younger Female 
Age 24 
Peak Hour AM 
Car-Following  89.2 seconds 
 










Avg. Gap (m) 17.89 N/A N/A 23.20 
Avg. Speed (m/s) 9.49 N/A N/A 20.85 




















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 




Gender Younger Female 
Age 36 
Peak Hour PM 
Car-Following  233.2 seconds 
 










Avg. Gap (m) 20.62 15.25 N/A 26.34 
Avg. Speed (m/s) 13.74 7.41 N/A 21.84 





















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 
Participant 11 




Gender Younger Female 
Age 20 
Peak Hour AM 
Car-Following  551.4 seconds 
 










Avg. Gap (m) 16.16 N/A 25.65 29.90 
Avg. Speed (m/s) 8.80 N/A 21.08 24.72 




















Relative Velocity (m/s) 



















Car-Following Data Summary Sheet 




Gender Younger Female 
Age 19 
Peak Hour PM 
Car-Following  134.6 seconds 
 










Avg. Gap (m) 9.88 12.93 21.35 N/A 
Avg. Speed (m/s) 3.86 4.25 24.72 N/A 




















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 




Gender Younger Female 
Age 25 
Peak Hour PM 
Car-Following  686.9 seconds 
 










Avg. Gap (m) 21.79 13.99 17.38 28.07 
Avg. Speed (m/s) 12.12 5.94 19.44 24.43 




















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 




Gender Younger Female 
Age 27 
Peak Hour PM 
Car-Following  203.3 seconds 
 










Avg. Gap (m) N/A 12.27 N/A N/A 
Avg. Speed (m/s) N/A 4.18 N/A N/A 



















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 






Peak Hour PM 
Car-Following  172 seconds 
 










Avg. Gap (m) N/A N/A 21.57 27.53 
Avg. Speed (m/s) N/A N/A 18.85 25.53 




















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 






Peak Hour PM 
Car-Following  155.6 seconds 
 










Avg. Gap (m) N/A 12.23 N/A 33.90 
Avg. Speed (m/s) N/A 6.75 N/A 21.24 




















Relative Velocity (m/s) 




















Car-Following Data Summary Sheet 
Participant 20 






Peak Hour PM 
Car-Following  492.8 seconds 
 










Avg. Gap (m) 18.47 13.36 N/A N/A 
Avg. Speed (m/s) 7.75 5.38 N/A N/A 




















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 
Participant 24 






Peak Hour PM 
Car-Following  346.6 seconds 
 










Avg. Gap (m) 21.54 24.70 N/A N/A 
Avg. Speed (m/s) 6.12 5.76 N/A N/A 




















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 






Peak Hour PM 
Car-Following  466.2 seconds 
 










Avg. Gap (m) 22.06 12.37 N/A N/A 
Avg. Speed (m/s) 8.39 4.50 N/A N/A 




















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 
Participant 28 






Peak Hour PM 
Car-Following  384.2 seconds 
 










Avg. Gap (m) 14.42 15.79 N/A N/A 
Avg. Speed (m/s) 5.74 5.84 N/A N/A 




















Relative Velocity (m/s) 




















Car-Following Data Summary Sheet 
Participant 37 






Peak Hour PM 
Car-Following  230 seconds 
 










Avg. Gap (m) N/A 13.60 N/A 26.49 
Avg. Speed (m/s) N/A 5.94 N/A 26.80 




















Relative Velocity (m/s) 




























Car-Following Data Summary Sheet 
Participant 38 





Peak Hour PM 
Car-Following  667.8 seconds 
 










Avg. Gap (m) 18.19 12.09 21.98 24.90 
Avg. Speed (m/s) 8.21 5.37 25.16 26.98 




















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 
Participant 39 






Peak Hour PM 
Car-Following  474.3 seconds 
 










Avg. Gap (m) N/A 13.42 28.27 21.59 
Avg. Speed (m/s) N/A 6.49 17.32 21.26 




















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 
Participant 46 






Peak Hour PM 
Car-Following  185.1 seconds 
 










Avg. Gap (m) N/A N/A 24.99 22.63 
Avg. Speed (m/s) N/A N/A 25.04 24.11 




















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 
Participant 47 






Peak Hour PM 
Car-Following  99.4 seconds 
 










Avg. Gap (m) 12.89 N/A N/A N/A 
Avg. Speed (m/s) 6.21 N/A N/A N/A 




















Relative Velocity (m/s) 





















Car-Following Data Summary Sheet 
Participant 53 






Peak Hour PM 
Car-Following  89.9 seconds 
 










Avg. Gap (m) 16.31 N/A N/A N/A 
Avg. Speed (m/s) 6.90 N/A N/A N/A 




















Relative Velocity (m/s) 
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